
Part in —Infra-Red Transmission Spectra 
Part IV —Infra-Red Reflection Spectra 


BY 

WILLIAM W. COBLENTZ 



WASHINGTON, D. C. 

Publlfhed by the Ctrneglc Institution of Washington 
I>eeembtr, 



CARNEGIE INSTITUTION OF WASHINGTON 
Publication No. 65 


PRESS OF 

JUDD A DETWEILER, INC. 
WASHINGTON, 0. C. 



CONTENTS. 


Part ill — iNRRA-ReD Transmission Spi$ctra. 


Pag* 

Chapter 1. 7-15 

Tntrodnction . 7-9 

Present method of invesligalion . 9-ro 

PIcochroism . n 

Apparatus and mcUiods . la-iS 

Accuracy aUainal)le . 13 

Preparation of the mineral .sections . *4-15 

Scope of present investigation . 15 

Chapter IL—Transmission spectra of different minerals. 17-70 

Croii)) 1; MiiicraLs containing water of crystallization . 17-140 

Croup II : Minerals containing water of constitution . <P“S3 

tlronp 111: Miscellaneous compounds . S3-70 

.Sulphates . .'?3-57 


Part IV, -Inkra-red Repeection Spectra. 


Chapter 1. 73-75 

Introduction . 73 

Apparatn.s and mcthod.s . 73-75 

Chapter 11.--Infra-red reflection spectra of various .substances. 77-I06 

Reflection of sulphates .. 77-79 

Reflection of carbonates and silicates. 80-90 

Reflection of sulphides . 91-93 

'Pransparency to x-rays . 95 

Reflection of metals . 95-99 

lieflection of solutions . 99~i05 

Summary . loS-iof) 

Table.s «>£ niaxinui . 107 tog 

Appetulixes . 00-137 

Appendix 1: The. temix'rature of the moon. 00-05 

Appendix 11: Additional data . 06-07 

Appendix lit: The emis.sion spectrum of burning carbon disulpride, 

etc. 08-130 

Appendix IV: A vacuum radioniicrometer. rar-125 

Appendix V: Note on blowing fine quartz fiher.s. i::^i27 

Index to minerals examined . 138 


3 



































PREFATORY NOTE. 

Parts I and II of “Investigations of Infra-red Spectra” were i 
lished by the Carnegie Institution of Washington, October, 1905. 

The present volume contains the detailed results of a continuatioi 
this work carried on at the National Bureau of Standards during 
past year. 


PART m 


INFRA-RED TRANSMISSION SPECTRA 




CHAPTER L 
INTRODUCTION. 

In the various determinations of the physical p 
such as electrical and thermal conductivity, specific 
coefficients of expansion and refraction, etc., the sp 
the transparency of substances to radiant energy, ; 
heat-waves, has been left in the background, althoi 
as necessary in meteorology, geology, and the allie 
knowledge of any of the other so-called constants 

The following research was undertaken to aso 
absorption, and the connection between absorption j 
crystals. In this and in a previous research it has b 
tain absorption bands in the infra-red are due to j 
atoms. The relation of these results to the questioi 
crystals will be obvious to the reader. For, if the 
of molecules of, say, water and calcium sulphate, wl 
characteristic absorption bands, then, if these rr 
groups of atoms in them underg'o no physical char 
bine to form a crystal (of selenite in this case), < 
infer that the absorption spectrum of the product v 
of the absorption bands of the two constituents. 

This phenomenon is different from the one in w 
that the absorption spectrum of a chemical compoi 
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as the radiation from the moon. The exact 
presented involves the use of one of the mos 
devices yet produced, viz, the radiometer, 
vast one compared with the visible spectrum 
little explored. 

From the intimate relation between refra* 
power, the data obtained gives us some idei 
substances examined. The bands of selectiv 
very sharp ones, such as the new one found i 
useful as a monochromatic source of energ 
ferometer work. 

Many chemical compounds contain both 0x3 
on applying heat, pass off in the form of wat( 
united so tenaciously as the other constituent 
that in many instances it can be more easily 
up their water if exposed to dry air at ordi 
the circumstance that many of these compc 
water is said to be present as **water of crysi 
in which the water exists in the crystal is not 
is considered a part of the chemical moiccuh 
that the molecules of water exist in their enti 
which constitute the crystal. It is characteris 
tion that it is expelled at a temperature far 
quently below 100° C. Another characterist 
water of crystallization is their property of r 
has been removed. Copper sulphate is an exc 
ing heat, the blue crystal becomes a crumbli: 


method oe investigation. 


the seventh is held more tenaciously, and is not gi 
to 210®. 

However, in cases like these, where successive p 
given off at different temperatures, it is difficult t< 
between water of crystallization and water of const] 
erals just quoted, however, it has been found that t 
of the last molecule of water is different from that 
water which pass off at a lower temperature, whicl 
of a difference in the bonding in the two cases. 

As a whole, the question of the association of t 
and hydrogen in certain compounds is far from se 
culties involved in its investigation are very great, 
bearing upon the subject is practically nil 


PRESENT METHOD OF INVESTIGAI 

In a preliminary paper bearing upon this subject^ 
the infra-red absorption spectra of two numerals 
2H;gO) and brucite (Mg(OII)2), in which the al 
of hydrogen are thought to be combined in a differ 
the application of the results of previous work, in 
dantly proven that certain groups of atoms have c 
tion bands. Hence, if the oxygen and hydrogen, 
composition of certain minerals, are united as they 
water, then one would expect to find the absorpi 
minerals to be a composite of the bands of watc 
caused by the other constituents. 



d brucite (Mg(OH),) as types of water of crystallization and 
ition was a fortunate one, for the two following reasons: 
elenite curve showed all of the absorption bands of water in 
er positions and intensities, except the 4.65 /a band, which is 
d too deep for the thickness of water contained in the plate 
.mination. The fact that the band is shifted caused, me to 
at it may be complex, and, from the fact that it lies in the 
ere the NCS radical and certain sulphur compounds have a 
jorption band, that it may be due to the SO4 radical—a sur- 
since then has been unexpectedly verified. (2) Although the 
rve did not contain the water bands, thus showing the differ- 
een water of constitution and water of crystallization, it con- 
ny previous work,^ in which it was shown that the OH radical 
ohols has an absorption band of 2.95 /a (true value is 3 /a). 
brucite curve the conclusion was drawn that the OH radical is 
Since then I have studied the chemical side of the question 
oughly, from which it appears that there is no marked differ- 
tie activity of the OH radical in the hydroxides studied, and, 
t the brucite curve should have a band at 3.0 /a instead of the 
d to 2.5 /A. In other words, the present research, which is in 
)Utcome of the foregoing discrepancies, has to a very.unex- 
^ree furnished us with an abundance of new proof that certain 
atoms have definite absorption bands, which really means that 
ips of atoms, or “ions,” enter into the various compounds in a 
anner. 

i up, in the present investigation the criterion for distinguish- 
• of crystallization from water of constitution is the presence 
tion bands at 1.5, 2, 3, 4.75, and 6 /a, which is the location of 
ptioii bands of water. If there are no other absorption bands 
:hen the intensity of these bands should be somewhat like that 
viz, the bands at 1.5, 2, and 4.75 /a are weak, while the bands 
6 /A are very strong. 

oxyl group will also cause an absorption band at 3 /a. Silicates 
i a small band shifting from 2.9 to 3.1 /a, but since it is weak, 
10 danger of confusing it with the strong water band in the 
ion. 

Rations of Infra-red Spectra, Washington, 1905; Phys. Rev., vol. 22,1905, 
the chemical standpoint, however, the OH in alcohol and in HaSO^ is 
'e, since it is replaceable by a metal (more acid) than the OH in brucite 
3)2), which is not replaceable (more basic). 




Since the present research involves the examination of minerals 
which are not isotropic, the question presents itself whether it would be 
better to examine them in natural or polarized light. Tn the former 
case we obtain all the absorption bands, irrc‘si)cctivc of the direction of 
transmission, but their o])servcd intensities will not necessarily be real. 
In the latter case, where the intensity of the transmitted energy depends 
upon the direction of vibration of the polarized rays with respect to the 
axes of the crystal (pleochroism), the observed intensities will be real, 
the number and position of the al)sorption bands will depend upon the 
direction of observation, but the accuracy is less the farther one pene¬ 
trates the infra-red, due to loss in polarizing the source of energy. 

By these statements it is not intended to give the impression that 
pleochroism is not worth considering. The work of Merritt^ and of 
Konigsberger® is especially valuable in demonstrating that absorption is 
dependent upon the direction of vibration of the incident energy. The 
visible spectrum is so narrow that it is difficult to separate the absorp¬ 
tion bands, while, on the other hand, the infra-red is a vast and almost 
unexplored region, and it is here that one would expect to resolve wide 
absorption bands such as exist in the visible spectrum. The curves of 
Merritt and of Kdnigsberger show this, especially the calcite curves, 
which are entirely independent for the ordinary and extraordinary rays. 
Nevertheless, in looking over the previous work, it seemed to the writer 
that in the present state of our knowledge of absorption a greater 
advance would be made by simply mapping the sjjectra of a great many 
minerals for energy transmitted Ihrougli them in its natural mode of 
vibration. 

The results have been most gratifying. If we had been contc'nt with 
the examination of a few, easily obtainable, large-sized crystals like 
colemanite, for pleochroism, the results would have been quite different. 

The maxima of the absorption of water are constant in position for 
the amorphous and the crystalline minerals studied, which would indi¬ 
cate that in this case the transmission is not affected by the direction 
of vibration. 

The desirability of examining many minerals is illustrated in the 
appended curves, in which it will be seen that frequently in one region of 
the spectrum the water bands are obliterated by an increase in the gen¬ 
eral absorption or by an adjacent absorption band, while in another part 
of the spectrum the water hands are very distinct. 
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APPARATUS AND METHODS. 

int investigation a mirror spectrometer, a rock-salt prism, 
s radiometer were used. With the exception of certain 
, the details in mounting and adjusting the different parts 
cribed elsewhere/ and it will be sufficient to add that the 
mirrors were 10 cm. in diameter and 50 cm. in focal 
lat the rock-salt prism was an nmisually fine one having 
agle of 59° 59' 36" and face.s 9 by 9 cm. area. The .spcc- 
were 0.3 mm. wide, or about 2' of arc. The time recpiired 
leter to reach a maximum deffeclion wa.s about 20 .sccontls. 
portions of the spectrum were projected upon the rath- 
using the Wadsworth^ mirrt)r-pri.sm method and rotating 
le. Although one doubles the error in making spec- 
ngs, the method was the most convenient tmc in the 
The “heater*' of a no Ncrnst lamp on an 80-volt 
Y circuit was used as a source of energy. The sections 
in the usual manner upon a wooden carrier which moved 
ys between the source of energy and the ctdlimator slit, 
the prism from moisture a small cry.stalli'/ing disli of 
:ntoxide was placed over it, and when not in u.se a large 
dng dish was inverted over the pri.sm and drying matc- 
:e of the large dish was ground to fit the prism-table and 
entrance of moisture. 

meter was remodeled from a small Fucas pattern having 
in diameter. The focal length of the new mirrors was 
ng more advantageous than the 35 cm. or 100 cm. mir- 
previous work, on account of the increaseil resolving 
5 former and the decreased atmospheric ah.sorption which 
i the latter. The advantages gained by the use «ff the 
nd mirrors is so much more tlmn anticiimted that it 
Awhile to mention it here. The whole was inclosetl in a 
tect the prism from air currents and from moisture, 
ter was of the usual form, with an additional improve- 
nsisted in covering it with a piece of heavy bras.s tuhirjg, 
was a thick layer of hair felt. Although the raditnneter 
a large outside window anti exposed to sunlight, it was 
t temperature changes. The vanes were of mica, covered 
'Xide, which was applied by means of shdiar or a thin 

tols. 16 and 17, 1903; Investigatiani of Infra-red Sr«rtr». Wt*h- 


found easier and more satisfactory than smoking them. 

The sensitiveness was about lo cm. deflection per square millimeter 
of exposed surface, scale and candle at i meter. The weight was lo 
milligrams. The vane was made heavy to avoid tremors. 

ACCURACY ATTAINABLE. 

The writer has been so frequently questioned on the accuracy of the 
observations that a few remarks will be in order. 

First of all, nearly all the substances examined have numerous 
absorption bands, so that we can not find an extinction coeflicient by 
means of which we may determine their transmissivity in absolute 
value for, say, a centimeter thickness. Again, different samples of a 
given mineral will vary in homogeneity and in purity. Different parts 
of a given specimen will vary in thickness, homogeneity, purity, and 
polish, so that, on remounting the same sample before the spectrometer 
slit, the relative values of transmission may differ by several per cent. 
The result is that such a comparison has but little meaning, and is at 
all times of minor importance. But, after once niDimtiiig the specimen 
before the spectrometer slit, the important question is the relative trans¬ 
parency of different regions of the spectrum and the accuracy of the 
location of the maxima of absorption. This depends upon the accuracy 
of the observations in any region of the spectrum. With a trust¬ 
worthy instrument like the radiometer, and with the specimens securely 
mounted before the spectrometer slit, in the present research it was 
found that for a given spectrometer setting the variation of single 
observations would differ from the mean by only about a tenth of i 
per cent, so that only in the extreme infra-red, or in locating sharp 
maxima, were the observations repeated. Consequently the reality of 
many of the small maxima can be accepted with confidence. The 
most important question, however, is the accuracy of the location of 
the maxima, especially tho.se which are sharp and well defined. 

During the past few years the writer has repeatedly mounted and 
adjusted his apparatus and has always found the location of certain 
sharp absoq>tion ai\d emission bands, used as standards of reference, to 
agree to 0.02 ft, which is as accurate as our knowledge of the dispersion 
of rock salt will permit. The adjustment of the zero of the instrument 
was tested daily. It was found that the yellow helium line is narrower 
and brighter and thus better adapted than sodium for making this 
setting. 
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PREPAFIA.TION OF THE MINERAL SECTIONS. 

Whenever possible the crystals were split parallel to a cleavage plane, 
since many cr}'stals would break in grinding. The remaining ones were 
ground thin in the ordinary manner. To accomplish this they were 
mounted upon glass plates by means of pitch having a low melting- 
point, so as to avoid disturbing the water of crystallization which is 
expelled from some minerals at a low temperature. The sections were 
cleaned in chloroform and mounted upon heavy cardboard having 
rectangular holes about 4 by 10 mm. cut into them. That the crystals 
were not affected by grinding and the cement was proven in a number 
of cases where cleavage sections of the same mineral were examined. 
Sometimes the sections were mere fragments 5 mm. long, so that two 
pieces had to be placed end to end with a slight overlapping, but not 
glued at the center. Since we are not concerned with total transmis¬ 
sion, but simpl}^ with absorption bands, this does not interfere with the 
investigation. Of course if a glue could have been found which is free 
from large absorption bands, the sections could have been mounted upon 
rock-salt plates and ground much thinner. As it was, the sections 
were entirely free, except at the ends, which rested upon the cardboard, 
which was then mounted upon the holder, which moved in vertical 
ways before the spectrometer slit. 

In the description of the different minerals, the direction of cutting 
the sections is parallel or perpendicular to some crystallographic axis. 
In many crystals there is usually a perfect cleavage parallel to one of 
the crystallographic axes, which fact was taken advantage of in pre¬ 
paring the sections. The cleaving was done by means of a small knife- 
blade struck with a light piece of metal, for example, a file. It may be 
of interest to note that with crystals, for example anhydrite, which have 
perfect cleavage in several directions, it was necessary to strike the 
knife-blade a sudden blow, while in others, like scolecite, a series of 
light blows started the cleavage and produced large plates. A great 
many minerals like copper sulphate and alum could not be used, because 
a slight warming was sufficient to dehydrate them, when the surface 
became rough and scattered the incident radiation. 

In the present research the examination of the sections after being 
prepared was overshadowed by the difficulty in obtaining specimens of 
sufficient size and in grinding them thin enough. In my previous work 
it was found that as a general rule the compounds examined increase 
in their general absorption be)^ond 5 fi, so that the (liquid) films had 
to be reduced to o.oi mm. In the present work it was impossible to 
reduce the thickness to much less than o.i mm., with tile consequent 
result that many sections became opaque beyond 5 fi. 



The minerals were obtained from various dealers and from the U. S. 
National Museum. They were selected according to composition. Of 
the total number thus selected only aboiit 40 per cent were obtainable 
and these were oftentimes the least desirable to illustrate the points in 
question. .The expense involved is no small item, and I am very grate¬ 
ful to Director Stratton for his generosity in meeting that question. 

SCOPE OF PRESENT INVESTIGATION. 

The principal object in this research was to gain information in 
regard to the molecular structure of minerals containing oxygen and 
hydrogen. To this end minerals were selected containing these con¬ 
stituents. Previous work has shown that in organic compounds certain 
radicals have characteristic absorption bands. One would therefore 
naturally expect to find similar relations in inorganic compounds, 
where more important radicals are to be found. Hence, the list was 
extended so as to contain a series of minerals having the radicals CO2, 
PO4, SO4 and OH. The results obtained serve the purpose very well 
for demonstrating the rashness of attempting to cstabli.sh “laws” from 
present data for future investigators to refute, just as is being done at 
present in more thoroughly explored fields, such as, for example, the 
absorption of soliils in solution. 

Tn the study of the carbon compounds in organic chemistry, their 
constitution has l)cen established by the replacement of certain con¬ 
stituents by organic radicals, by the preparation of a scries of deriva¬ 
tives, by vapor den.sity delcrniinations, or by studyiJig their physical 
properties in solution. Mineralogy is essentially the chemistry of 
silicon compounds, to which, as yet, it has not been possible to apply 
any of the above methods, so that the constitution of many minerals 
has been derived from analogies with other compounds which are 
better understood. Hence, in an investigation like the present, it is not 
surprising to find exceptions to the tentative rules for classifying these 
minerals. 

The transmission curves are given without correction for reflection 
from the surfaces. Tn most cases, as will be noticed from the reflection 
curves, the correction is negligible. In one case, viz, stibnite (SbgSg), 
such a correction is worthy of notice. The transmission shows a uni¬ 
form value of 45 per cent. To the writer this seemed a very transparent 
substance until the greater surprise of a uniform reflecting power of 
about 36 per cent wa.s observed, which indicates that after correcting 
for reflection this mineral (for the thickness examined) is practicaJly 
transparent. 




CHAPTER 11 . 


TRANSMISSION SPECTRA OF DIFFERENT MINERALS. 
Group I: Minerals containing Water oe Crystallization. 


All the minerals studied which are generally thought to contain 
water of crystallization are collected in Group 1 . First of all, it will 
be necessary to consider the absorption spectrum of water, which has 



been studied by Julius,^ Paschen,^ Aschkinass,® and others. All observ¬ 
ers agree in their location of large absorption bands at the approximate 
wave-lengths 1.5 /a, 3 (i, 4.75 n, and 6 /a, 

^Julius: Verhandl. Konikl. Akad. Amsterdam, Deel I, No. i, 1892. 

•Paschen: Ann. der Phys. (3), S3, p. 334, 1894. 

‘Aschkinass: Ann. der Phys. (3)) 55 ) P- 406, 1895. 
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All have found water extremely opaque to infra-red radiation, so that 
the film had to be reduced to a few thousandths of a millimeter in order 
to be able to study it at all. In fig. i are given the absorption curves 
of water is found by Aschkinass. His values of the maxima are slightly 
greater than those found by others, but this is simply due to a fault in 
his calibration. The curves for the different thicknesses (0 = 0.05; 



& = o.oi mm.) illustrate very well what we are to expect in the case of 
minerals containing several molecules of crystal water. For a very 
much thinner film (curve c = 0.001 mm.) by the writer^ the absorption 
band at 4.75 /a has entirely disappeared. 

S^LENiTB (CaS0i-l-2H20); Anhydrite (CaSOi). 

(Figs. 2, 3, and 4. Selenite: Monoclinic, cleavage parallel to 6; ^ —0.648 mm. 

Anhydrite: Orthorhombic, cleavage piece parallel to c; # = 0.656 mm. From 

Stassfurt, Germany.) 

Of all the minerals studied containing water of crystallization these 
two are the most conspicuous for demonstrating the effect of the presence 

^ Phys. Rev., 20, p. 257, 1905. 



WATIlR OF crystallization. 


)f HgO. It would have been highly desirable to procure more minerals 
vhich occur in the hydrous and anhydrous state, but none were obtain- 
ible. The artificially dehydrated minerals, such as copper sulphate, were 
00 opaque for examination after expelling all the water. The only 
ixception is selenite, the various curves of which will now be considered, 
the anhydrite curve, h, is to be noticed first, from which it will be 



bserved that there are small bands at 1.9, 3.2, 5.7, 6.15, and 6.55/*, 
ind an enormous band at 4.55 ii, which will be shown later to be due 
o the SO4 ion. 

Turning to the selenite curve {a, fig. 2), it will be noticed that it is 
ss transparent for the same thickness, 0.65 mm., and that in its general 
rend it is similar to the curve for water. All of its absorption bands 
oincide with water, with the exception of the 4.75 n band, which is 
hifted to 4.6 fi. The shifting of this band is due to the SO4 band at 
L.5 fi, as was found on examining anhydrite. 

The curve, c, for a thickness of 2.57 mm. is due to Konigsberger 
'loc. cit). 
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In fig. 3 is illustrated the effect of dehydrating the selenite. This 
was accomplished with difficulty on account of warping and shrinking 
of the plate, which necessitated dismounting the specimens for each 
heating. It was found necessary to clamp the specimen between two 
metal plates in order to prevent it from warping and breaking. Curve a 
gives the transmission of a clear piece having a thickness of 0.204 i^m.; 
curve b shows the transmission after partial dehydration. 



It is of considerable interest in showing the permanence of the 4.55 /t 
band. Beyond 6 fi the transparency increases and becomes 1.5 times as 
great as selenite at 6.9 (i. The dehydrated section, which is an opaque 
white mass, was then moistened with water and allowed to stand over 
mght to dry and set, just as in the case of plaster of Paris. The result 
is shown in curve where the transparency at 6.9 [i has decreased to 
almost the original value found for the transparent crystal. It will of 
course be understood that the great opacity up to 5 for the dehydrated 
section is due to the lack of homogeneity introduced in expelling the 
water, which has the well-known property of scattering the radiation 
of short wave-lengths. At 7/z the increase in absorption due to tho 
presence of water can not be doubted. 

In fig. 4 the transmission curves of a very much thinner partially 
dehydrated section are given. In curve a the section was subtrans¬ 
parent and in curve b it was translucent. The curves are given to show 
the increased transparency beyond the band of metallic reflection in 
the region of 9 /*. 



m at 8.69 fx. IS shifted from that indicated by the present transmission 
irves. The same lack of coincidence of the maximum of the reflection 
ind with the minimum in the transmission curve will be found in 
.kite and in mica. This is the first attempt to explore the region of 
ansmission near a reflection band and the explanation to be offered 
er on for the discrepancy may not hold when more data have been 
:cumulated. 

Quartz (SiOj) ; Opai< (SiOa+xHjO). 

Quartz; Cut perpendicular to axis; t = 1.30 mm. Opal: Massive, transparent; 
t = o.i2 mm. Fig. 5.) 



Fig. 5.—Opal (5); Quartz. 

The specimen of quartz examined was made for polariscopic work 
id was perfectly clear. Its transmission curve (a^ fig. 5) shows small 
mds at 2.9 II and 4.35 /t. Curve c, which shows a series of bands at 


’Aschkinass: Ann. der Phys. (4), i, p. 42, 1900. 
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5.02, 5.3, 6, 6.26, and 6.65 fj., is due to Nichols/ who used a section 
0.018 mm. thick. Unfortunately his curve begins in the slight hand at 
4.35 fi, so that there is no check upon its accuracy of location. 

Konigsberger® examined smoky quartz and found bamls at 3.05 and 
4.05 yw. Merritt,® using polarized light, found bands at 3 and 3.0^ for 
the extraordinary ray, and bands at 2.9, 3.75, and 4.1 n for the ordi¬ 
nary ray. 

For amethyst, which is violet quartz, of which the color has been 
attributed to manganese, Konigsberger found an absorption hand at 
3.1 ft. As a whole, different observers agree in locating a .small hand 
near 3 /x which will not interfere in considering water of cry.slallization. 



Opal is quartz containing variable proportions of water, from 5 to 30 
per cent. It shows no traces of crystallization. Neither is it considered 
a solid solution, for the water contained is not a function of the vapor 
pressure. The transmission curve of ojial has the general outline of ihr 
curve for water and contains the bands of water at 1.5, 2, 3, ami 6^, 
as well as the silicon bands at 4.2 and 5;^. The 3 and are 

the composite of the water and silicon bands in tho.se regions. 


HsutANDiTZ (HXaAlsSisOw4-311,0). 

(Section ground parallel to b; t'^o.uo and 0.2a mm.; Mcmi-transparent Fig n ) 
Heulandite belongs to a cla.ss of mineral.s called zeolites,* which arc 
hydrated silicates of alumina, alkalies, and generally lime. Tc» thi?. rla%H 

^ Nichols: Pliys, Rev., 4, p. 297, 1896. 

’Konigsberger: Ann. der Phys. (3), 61, p. 687, 1B97. 

•Merritt: Ann. der Phys. (3), 55. p. 49, 1895. 

‘ Miers: Mineralogy, p. 483. 



b-dong heulandite, stilbite, analdte, natrolite, and scoledte, which are 
included in the present research. 

In these minerals the water of crystallization is very loosely held. 
It is impossible to distinguish between water of constitution and water 
of crystallization. The water continues to be gradually expelled as the 
temperature is raised and may be replaced by other substances, such 
as NHg, HgS,, or CsHgOH. The dehydrated crystals absorb definite 
qjU,antities of these substances,as a sponge absorbs water, the process 
being accompanied by the evolution of heat. 



Since the per cent of water present varies continuously with the 
vapor pressure it is generally concluded that the water of the zeolites is 
not analogous to the water of crystallization of most hydrated salts, but 
resembles more nearly the intermixture which occurs in solid solutions. 

In fig. 6 two curves of heulandite are given. The sections were about 
the same thickness, and the great difference in transparency is due to 
the fact that the crystals were of different homogeneity and trans¬ 
parency. The curves show the presence of the water bands at 1.5, 2, 
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3, and 4.75 /», beyond which point the opacity becomes too gfreat for 
further exploration. The crystals obtainable were small, so tliat the 
section was not quite long enough to cover the whole slit. 

SfaBiM (CaAUSi.0w"|-6H,0). 

(Transparent section cut perpendicular to optic axis, Curve a, fig. 7 .) 

The stilbite curve is to be noticed for its great transparency with all 
the water bands superposed. There do not appear to be any important 
bands belonging to the mineral itself. 

Potassium Aivu (K»S 0 «A 1 »(S 04 )*+ 24 H* 0 ). 

(Cut perpendicular to axis. f“ 0 .o 8 s mm.; transparent. Curve t, fig. 7 .) 
The exploration of the spectrum extends to 3 ix. The water bandi at 
1.5 and 2 fi are present. With 24 molecules of water and SO* bandi 



4 SS fo be mentioned later, it would not be potiiblc to penetrate 
beyond 3 fi, unless a thinner section could be made. 

NATROI.ITE (NatAUSU 0 t 9 + 2 H» 0 ). 

(Orthorhombic section ground parallel to m; subtraniluccnt; mm. 

Curve a, fig. 8 .) 

The specimen from which this section was cut was a tuft of acicular 
crystals. The section was made from the more massive i>art, and was 
almost opaque for the thickness used. The cur\'e (a) in fig. 8 tliowi 
the water bands in their usual positions and proper intensities. 



t>COI.fiCITfi (.UaAIst>l»Uioi-3il2U;. 

(Monoclinic section split parallel to m; perfectly transparent; #=0.565 mm. 
Curve h, fig. 8.) 

This mineral differs from the preceding in being a lime zeolite, and 
in having one more molecule of water. Its greater homogeneity makes 
it more transparent in the region of the short wave-lengths. It has the 
general outline and the absorption bands of the water curve up to 5 /t, 
where it is completely opaque. The 3 /t band is evidently complex. 
Prof. S. L. Penfield kindly presented this specimen. 



Analcite (NasAUSuOia-l-zHiO). 

(Cut perpendicular to optic axis; subtransparent; # = o.ii mm. Fig. 9.) 

This specimen, made by Steeg & Reuter, was small and broken in 
shipping, so that by placing two pieces end to end the spectrometer 
slit was not quite covered. Nevertheless it shows a transparency farther 
into the infra-red than is usual. As a whole, however, it is very opaque 
(curve a, fig. 9), and the water bands at 1.5, 2, and 4.7/* are quite 
obliterated. There seem to be no other than water bands. 

CoLEMANire (Ca2B,0ii-l-5H20). 

(Cut parallel to &; transparent; # = 0.268 mm. Curve h, fig. 9.) 

This mineral is obtainable in large transparent crystals. Neverthe¬ 
less, it is unusually opaque to infra-red radiation, so that very little 




infra-re;d transmission spectra. 


energy is transmitted beyond 3 /a; even the water bands at 1.5. j and 3 
are almost obliterated. As the examination prt>ceeds it will be noticed 
that this opacity appears to be a property of the tjorales. 

CaI,CIUM ChWRIDB (CaCla+SHaO). 

(Film melted between rock-salt plates. / sr<oj mm. Fig. lu ) 

This compound comes in large hexagonal crystals. A stwcimeii wm 
melted between two plates of rock salt, and stood over for several 
days, until the edges became white from dehydration. The suh&tancc 



FW. lo.-Cftldum elibrldc {a); krwya»att. 

recrystallized in the meantime and when examined showed the water 
bands in their usual position and intensities except the 3 ^ band, which 

is shifted to 3.2 jw. 

Potassium FgRRocYANma 

(Section split parallel to c; transparent; mm. Fig, 10 ) 

The water is so easily expelled from this mineral tliat the heater Intd 
to be used on 70 volts. The transmission curve shows the water Imnd** 




at 1.5, 2, and 3 fi, while the next two bands are shifted to 5 and 6.2 fi 
respectively. Porter/ by means of “reststrahlen,” located a band at 
4.84 fX. 

ApOPH YLUTE (HyKCei ( SiO.) 8+4>4HsO) . 

(Section cut parallel to c; transparent; t==o.ii mm. Fig. ii.) 

This mineral is entirely opaque beyond 3 /u, up to 8 /u,, where there is 
slight transparency. The water bands at 1.5 and 2 /a are almost oblit¬ 
erated. 



Deweylite (H4Mg4(Si04)s+4Ha0). 

(Massive: whitish color; subtranslucent in section 0.08 mm. thick. From New 
Rochelle, New York. Fig. ii.) 

In the curve, b, for this mineral the small absorption bands are oblit¬ 
erated but the bands at 3 /a and 6 /a are very strong, which would make 
it appear that the water is present in the form of water of crystalli¬ 
zation. 


Thomsenoeite (NaCAlFo-l-HaO). 

(Monoclinic; cleavage parallel to c; transparent; t — o.JS mm. From Ivigtut, 
Greenland, Curve a, fig. 12.) 

This mineral was obtained as a mass of small crystals, from which 
one was obtained having an area of about 4 by 5 mm. This crystal 

* Porter: Ap. Jr., 22, p. 229, 1906. 
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was split into two inclined prisms, which, when placed end to end, 
made a tight joint. The transmission curve, a, shows all the absorption 
bands of water in their proper intensities. A new band occurs at 2.6 fi 
which widens the one at 3 /x. but does not displace it. The specimen 
suddenly becomes opaque at 6/t. 

GismondiTB (I-LCNaaCa) AlaSi«Oifi+4HaO). 

(Stalactitic mass; subtranslucent; 0.245 mm, From County Antrim, Ireland. 

Fig. 12.) 

This specimen was not very homogeneous, but, in spite of its great 
complexity chemically, it is fairly transparent. The only bands present 
are those due to water at 1.5, 2, 3, and 4.7/it. The band at 3 /a is very 
wide, which suggests the presence of others, perhaps of silicon, at 2.9 /*, 



Br.oDirfi (MgS0«NaS0«+4H,0). 

(Cut perpendicular to axis; / —o.ro mm. Curve a, fig. 13.) 

This mineral shows all the water bands, the one at 2 /a being con> 
spicuous for its sharpness. The band at 4.6 is cofniwsitc, due to the 
SO4 band at 4.55 as will be shown in discussing the sulpltatcs, while 
the 3 /X, band is also complex. 

Thaumasit® (CaSi0aCaC08CaS04+ xiHtO) . 

(Cut perpendicular to axis; transparent; I*30.125 mm. Fig, 13.) 

This mineral is too opaque for heat rays to be consideretl in demon¬ 
strating the presence of water of crystallization. The water bands at 



Hydrotalcitb (MgaAKOH)ii+3HaO). 

(From Vernon, New York. Lamellar; massive; subtranslucent ; r-0.04 mm. 

Fig. 14.) 

The hydroxide group (OH), to be noticed later on, confuses matters 
at 3 A., The other water bands at 1.5, 2, and 475 f> are visible in spite 
of the great opacity, which becomes complete at 64. 



Varicitk (AlPO* 1 .iHaO). 

(Massive; blue color; subtranslucent in thin acetian of o.oj mm. From Uwiston, 
Utah. Fig. IS.) 

In this mineral the water bands at 1.5, 2, and 4.75 arc ahnnst obliter¬ 
ated. Those at 3 and 6/* arc shifted and are uo doubt tnnujwfeitrs. 
Prom this and other minerals studied, havinu the IH)i grfuip, there ii no 
marked evidence of an absorption hand beIon|,dn|? to this Kroup. 

Whnwn (A101I),(P0U, fsUA 

(Crystallized in rays of needles; section ground parallel to ray,i ; .suhtransimfent. 
From Arkansas. Fig. 15 .) 

The lack of homog;eneity of the crystals rcndcr.s tins iniiieral very 
opaque. The water bands at 1.5 and 2/x are visible, in spite t»f the 
complete opacity at 3 fi. This g'reat o{)acity apiicar.s to be a claraeteris- 
tic of the phosphates, as has already been observetl in the iKiratcs. 



WATER OE CRYSTAEEIZATlON. 


ViviANiTE (Fes (PO4)s+8HsO). 

(litonocHriic; section ground parallel to h; bluish color; translucent; f —o.ii atid 
0.25 mm. Fig. 16.) 

I'his section is practically opaque beyond 3 /t. The water bands at 
1.5 and 2 IX are visible, although slightly shifted, which is due to general 
transparency of the mineral. This is well illustrated in curve c, which 
iis curve b magnified 5 times. I am indebted to the late Prof. S. I/. 
Penfield for this mineral. 



MurriTE (AI2C12O13+18H2O). (Fig. 17.) 

This mineral occurs as waxy crystals of variable transparency in 
European coal measures. It was selected on account of its carbon, and 
also because of the large number of molecules of water, which is 
expelled at a low temperature. 

In fig. 17, curve a, is given the transmission curve of a mineral frp'tn 
Steeg and Reuter, purporting to be mellite or “honeystone,” ^ = 0.125 
mm. It was the most flagrant exception to the rule that minerals having 
water of crystallization are very opaque and have absorption bands in 



IN1?RA-RKD TRANSMISSION SPECTRA. 


common with water. Evidently this needed further investigation; 
and this was done with minerals purchased from various dealers, care 
being taken to obtain them from different localities. Curves b and 
c give the transmission for transparent yellow crystals, and 

0.15 mm. respectively, which came from Arten, Thuringia. Curve d 
is the transmission for a grayish-white translucent crystal, ground to 
0.12 mm. in thickness, from Mallonka, Austria. Curve e ia for a white 
transparent crystal, 0.06 mm. in thickness, from Tula, Russia. In all 
these curves it will be noticed there is no energy tran.smitted beyond 



3 /i, while from the very nature of the transmission curvei the 1.5 hand 
is invisible and the 2 band is almost olditeratecl. As a whole the 
theory that, in crystal-water, the bonding is the same as in t>r<lfnary 
water has also been confirmed with mcllite. A letter of inquiry to 
Steeg and Reuter in regard to the sample sent us revealed the fact 
that cassiterite (SnOJ was accidentally substituted for mcllite. The 
fact that it was possible to detect the error would indiratr tlwt the 
method of analysis is trustworthy, and in that res|»t*ct It li fortUMte that 
the substitution occurred. 



wat^r or crystai^lization. 


d-FRucTosB (C*HuO 0 - 

(# = o,i mm. Fig. i8.) 

The sugars are complex carbohydrates, the constitution of which is 
not well known. They are rich in hydroxyl groups similar to the 
alcohols, and hence one would expect to find a band at 3 [i. We would 
also expect a band at 3.43 due to CHg or CHj groups, so that as a 
whole the curve will be complex at 3 /t. The water bands at 1.5, 2, 



and 4.5 IX should appear in those compounds containing water of crys¬ 
tallization. The region from 4 to 6 /t ought to be one of great trans¬ 
parency if previous results hold. It is a property of sugars that they 
decompose and give off water when heated above the melting-point. 

In i^-fructose (C0H12O0) the constitutional formula is written 
CH20H(CH0H)8C0CH20H. The curve (fig. 18) shows no absorp¬ 
tion in the region of the water bands. There is a large band at 3.25 n 
and a small one at 5.85, while beyond 7 ix there is complete opacity. 

3—c 



Fructose belongs to the anhydrous group of compounds, but is con¬ 
sidered here in order to show the great contrast between it and other 
sugars having water of crystallization. 

d-GWCOS® (DliXmSB) (CiHaOs+HaO). 

(/«=o,i 4 and o.i8 mm. Fig. 19-) 

This compound differs from the preceding in having one molecule of 
water of crystallization. The region of 3 to 4/* is very ct)inplex and 
indeterminate, but the water bands appear at 1.5, 4.75 and 6 /a, tlie 



latter being quite indistinct. A sample was heated at i to** for fc»ur 
hours which is supposed to render it anhydrous. After .standing over 
P2O5 for several days, several crystals had formed in the glassy iTiass. 
These were melted between plates of rock salt. Curve b shfwvs, htnv- 
ever, that the water bands still remain, and from the fact that the 
amorphous material could not be entirely removed from the crystals 
it is quite probable that there was still some of the hydrmis tnaterial 
present. 




IS suppuscu hul lo cuiiiam water or crysLaiiizauon. it is 
one of the most conspicuous exceptions to the rule, if it really be anhy¬ 
drous. Curve a represents the transmission for barley sugar, which is 
the name given to cane sugar after it has been melted, when it becomes 
an amorphous mass. Curve h is another sample, partially dehydrated 
and decomposed, called “caramel.” It was light brown. Curve c is for 



a dark-brown caramel made by driving off some 15 per cent of the 
water. In this sample it will be noticed that the 1.5 and 4,75 /i water 
bands have quite disai>pcared, which is to be expected. 

Curve d shows the transmission through a film (t^o.2 mm.) of 
chemically pure sugar. It was an amorphous solid melted between 
two plates of rock salt. It was originally crystalliz:cd from alcohol and, 
hence, was free from water. The amorphous film was colorless, showing 
that there was no decomposition in melting. Nevertheless the water 
bands at 1.5, 2 and 4.75 are present. 
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Curve f, fig. 20a, is for an amorphous film of beet sugar, which also 
shows the 1.5 fi band. Curves ^ and h are for two large, dear crystals 
of rock candy, respectively 2 and 1.7 mm. in thickness, in which the 1.5 fi 
band is unusually strong, which would indicate that (here wa.s no decom¬ 
position in melting the other films. An analysis by Dr. J. C. TUake 
showed that the rock candy contained 99.81 per cent pure sugar, while 
the water content was about 0.05 per cent. Now, it has never before 
been suspected that cane sugar has water of crystallijcation, and the 
present disagreement with the results of chemists who have' made a 

life-long study of sugars in 
general must he considered 
with caution. A compari¬ 
son with lactose, maltose, 
and de.Ktrose would indicate 
the presence of a molecule 
of water of crystallization. 

There may he r>ther ex¬ 
planations for this excep¬ 
tion, It has already been 
noted that the sugars are 
rich in Oil groups, which 
will confuse mutler.s at 3/«, 
where the OH radical has a 
characteri.stic hand, so that 
the elTect of water must be 
liased ujw)n the .small hands 
at 1.5 and 4.75/t. In the 
j)re.senl work on tnannite 
fCfln„(OII)») ami in pre- 
vitjiis work* on etliyl alcohol 
(CaHgOH) and myricyl alcohol (C„H,„()H), a.s well as on glycerin 
and on phenols, there is no indication of ah.mu’plifjn hands at 1.5. 2, 
4.75, and 6/4, so that their presence in the cane siuptr .spectrum ran 
hardly be attributed to the OH groujj. In Puceianti's curves® the alco¬ 
hols show depressions at 1.5 but they are nf*t very sbarji. although 
he used a larger dispersion and a thicker cell. As a whole, the- tpiestion 
is in an unsettled state with the results o])(ainrd hy the mrihod of 
absorption spectra indicating the prc.sence of a molecule f»f water of 
crystallization in cane sugar which has heretofore In*en (a>nsidered tn he 
composed entirely of water of constitution. 

* Investigations of Infra-red spectra, Washington, ims, 



Fxq. aoa.— Cane sugar. 
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of the films was about o.i mm., and in the case of lactose the color was 
slightly tinged, due to decomposition. The water bands are present as 
noted elsewhere. The region from 3 to 4 /* is complex, with the maxi¬ 
mum at 3.4/X. 


RArriNosu (Cw)HMOi«“l“5ir90). 

(Amorphous solid melted between rock salt; t —0.2 and 0.05 mm. Fig. 22.) 


This sugar melts very easily and forms perfectly transparent solid 
films. The transmission curve shows all the water bands, viz, 1.5, 2, 

3, 4.75, and 6.05/*. The 



band at 3/t is quite dis¬ 
tinctly resolved into the sec¬ 
ond component lying in the 
region of 3.3 /*. The trans¬ 
parent region at n /* is just 
the rever.se of the alcohols, 
which have an absorption 
hand at 11.3 /*. 

Gum Arabic (aCdUOa-flhO). 

(I>-m.i8os. Fift. ’Al) 

Two samples were exam¬ 
ined. The first wa.s a film 
of the gum dissolved in 
water and placed between 
two plates of tliin micro.S“ 
cope cover-glass, which was 
kefit over VJ\ for several 
days. The second was the 
ctinihination c»f two films 
which were spreaci over 


Fxo, aa.-Qum nrnbic. cover-glass and dried over 

FgOg for several days. The 
films cracked and peeled off, so that it was neces.sary to place two facing 
each other. The water bands are of course vi.sihle, while the region at 

3.5 /* is complex. 


RocHSwut Saw (CJl40*KNa+4H,0). 

1.27 and o.r mm. Fig. 24.) 

Curve a shows the transmission through a transparent crystal section, 
while curve b is for a solid film melted between two thin plates of 
cover-glass. In the latter case the film was flaky, which decreased the 



WAT^R 01? CRYSTAI.WZATION. 


transparency. The crystal section was examined with difficulty because 
of its low melting-point. Curve c shows the band at 4.75 /x magnified 
10 times. The water bands at 1.5, 2, and 4.75 /t are very apparent, while 
the one at 3 /t is obliterated, as with the sugars. 

BsucinS (Ca.H^N,04+4H»0). 

(Thickness: 0 = 0.05; 6 = 1.15 mm; c = o.i5 mm. Fig. 25.) 

Brucine belongs to the alkaloids, which have a complicated and 
unknown structure. As will be noticed from the curves it is very 
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Fio. ax.—Rochetle salt. 


transparent to contain 4 molecules of crystal water. The 6 band is 
the only one that is conspicuous, while the strong one at 3 /x is entirely 
absent. The water is easily expelled at a low temperature. Curve b 
is for a thick layer of amorphous material melted on a plate of rock 
salt. It shows the general carbohydrate band at 1.7/t, and the 3.43/x 
band characteristic of compounds rich in Cl 4 or CHg groups. F'or 
curve a the film was made by placing the solid powder between two 
plates of rock salt, which were heated on a metal plate, and as soon as 
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melting began, the rock salt, containing the fi 
same manner the film for curve c was obta 
permitted to melt entirely, so that the film \ 
Nevertheless, it does not show the water ba 
difficult to conceive how all the water was cj 
Curve d is curve c magnified lO times at 3 /*. 

Out of a list of 32 substances examined c( 
in the form of water of crystallization, this is 



rule tentatively assumed in this work. The i 


WATlSR 01^ CONSTITUTION. 


Manganitb:, MnO(OH). 

(Orthorhombic; ground parallel to m; opaque; f = o.ol 

As will be noticed in curve a of fig. 26, manganite j 
throughout the whole region to 9 /x. There is a li| 
band at 3 /a and another at 6.2 /a. 



Gothitb, FeO(OH). 

(Section ground parallel to b; # = 0.15 mm. CurV' 

The appearance of this mineral is opaque black, 
as a whole would not impress one as being quite 
It transmits about 20 per cent of the energy thrc 
region, which is in marked contrast with the almoj 
of iron. The 3 ^ band is well marked, while a secon 
This specimen was kindly presented by the late Prof 


infra-red transmission si 


Turquoise (A1P0<A1(0H)8+ 

(Massive, light green; subtranslucent in section of 

This mineral is supposed to contain a mol 
Miers writes the formula without it. The ( 
band at 3 /u,, and in general the substance is op 
to decide that question. 

The region at 3 ju. is complex, with the maxii 
other bands at 5.1, 5.3, 5.6, 6.3, and 7.6 fi, all of 
seem to be no bands belonging to PO4. 

Lazumte, (MgFe)Ala(OH)s(! 

(Massive; blue by transmission; nm: 

The 3 ju. band is prominent, while a new bar 



WAT^R CONSTITUTION. 

DAmm (Ca(B 0 H)Si 04 ). 

(Section ground to 0.23 mm. Curve Cj fig 

In this curve the OH band at 3 /a is shifted to 2.8 ^ 
present are at 2, 3, 5.3, and 6.3 fx. Although the s] 
cracks, it is rather transparent for a boro-silicate. 

AzuRir^ (2 CuCO«.Cu(OH),). 

(Translucent; section parallel to c; f = o.35 mm. tl 

The section was ground from a group of crystal 
apparently piled parallel to c. There are absorptioi 
3.58, and 4.05 /A and complete opacity beyond 5.5 /a. 

The 3.05 /A band is shifted slightly from the p 
substances containing OH groups. 





examination the cleavage section was perfectly ti 
thinner than the previous one. Fnrthennorc, the 
so that as a whole this large band is resolved into tl 
maxima at 2.5, 2.7, and 3/x. Ileyond this region 
bands, while beyond 12 ju. there is complete opacity 
depressions at 5, 7, 7.7, 8.2, 9.7, and 10.8/4, !)nt 
is conspicuous for the complete absence of sliai 
except at 2.7/4, and is similar to glass and the mici 

PoRTr.ANu Cement. 

(^“■-0.17 inni. 1%. 30.) 

The specimen examined was ground thin froi 
tensile-strength tests, and, in making if, was mixec] 
water. The chemical constitution of Portlatal c 
According to he Chatlier* the action of water c 
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which have a wide band from 3 to 4 /a and a trans 
4.5 to 5.5 /A, followed by opacity beyond 6 ix. 

It is known that for alcohols the large band ii 
is the composite of two bands situated at 3 and at 3 

CnroRAi, Hydrate (CCl8CH(OH)2). (Curve i 

The constitution of this compound is uncertair 
examination the crystals were melted between plat 
placed over P2O5 to dry and recrystallize. The 
shows all the water bands; although it is not c 
crystallization, curve c shows the region at 3 ^ aftei 
P2O5 for six days and had crystallized into an op'< 
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PREHNm (HaCa2Al2(Si04) 

(Stalactitic; light green, translucent, crystallii 
Curve a, fig. 32.) 

We have now to consider a series of hydrc 
oxygen and hydrogen are supposed to exist as 
will be noticed that the SiOg radical does not | 
in a fixed position—e. g., at 2.9 fi. 

Prehnite has bands at 2.9, 4.15, 5.96, and 
with the water bands. It so happens that ir 
coincide very closely with those found in quart 



WATOR OR CONSTII^UTION. 


do not give coincident results, but there being no ba 
water, it did not seem worth while to make further ir 

CHix)RiroiD (HaCMgFe) AIsSiOt). 

(Variety, masonite; cleavage piece parallel to c; transmits 

Curve h, fig. 33-) 

This mineral is very opaque to infra-red radiation 
eral small absorption bands, viz, at 2.3, 2.6, 3.3, 5, 6, a 
preceding. The point of interest is the absence of ba 



CuNOCHroRK (HsMgoAlsSifiOis); Pi^ninit^ (HsMgFe 
(Clinochlore: ^==o.o8. Peninite: curve h, t = o mu 




Transmission 
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A1(0H)2 are present.^ In the present exam 
tion of a band at 3 /jt, which is a characteristic 



Tourmat4NE (EInNaiFe^BtAliSi 
(Cut parallel to optic axis. Fij 


WATER OE CONSTITUTION. 


H or OH. There is no deep, wide absorption ba 
judging by the present method of examination, th< 
hydroxyl groups present. 

Muscovite has a deep, narrow band at 2.85 //., an 
3-6, 5.6, 5.9, 6.3, and 7.1 />(,. Biotite has small ba 
and 6.7/A, and indications of bands at 5.6 and 7 to 
band in the visible spectrum. 

Both micas have a large opaque region at 9 to 
transparent region at 12 fx, beyond which there is ag 
ity. Rubens and Nichols^ have found metallic reflex 
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assumption of a larger dispersion, and a longei 
by the rays, which would intensify the CO2 bai 
From the muscovite curve, however, it wil 
(CO2) band would be intensified by that of mic 

Serp^ntin^ (H4(Mg,Fe)8SiC 

(Massive; subtranslucent; curve a, # = 0.225 mm; cui 
From Montville, New Jerse: 

In serpentine the water is chiefly expelled at 
Miers,^ talc and serpentine are to be regarded a 




WATER OF CONSTITUTION. 


nesium hydroxyl groups. Serpentine has absorptioi 
6.6, 7-4, 8.1, and 8.5 /*. 

Taic (H,Mg.SiO«). 

(Subtransparent; t = o.o6 mm. Curve c, fi{ 

In talc, water is expelled at red heat; from its stab 
considered an acid metasilicate. From the investiga 
Schneider (loc. cit.) no hydroxyl groups were infei 
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In the present examination curve a is 
brown color, while curve b was light greei 
band at 3 while additional bands occur 
6.6, and 7.4 /a, many of which are in commc 

Sodium Mi^taphosphat^ i 
(Fused transparent glass; ^ = o 

This substance was examined in connecti 
phates to learn the behavior of phosphorus 
wide absorption band at 4 and a second at 6 



SUIvPHATl^S. 


In both cases the curves b showed the water t 
beyond which there was complete opacity. 

Group III: Misceli.ane:ous Comp« 

It has been noticed elsewhere that in the examii 
large absorption band at 4.55 fx is shifted, and tc 
water; also that it was suspected to be due to the J 
The band has further been noticed in discussin 
drite (fig. 3), and in thaumasite and blodite (f 
present heading will be discussed the absorption s 
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Gi/AXJBieRM (NaaSOiCaSC 
(Monoclinic; cleavage section parallel to c; transpar< 

This is a mixture of two sulphates, of whii 
and 4.55 fJL have already been noticed. Glaub 
5.6, and 6.2 fi. 

ThiSnarditiS (NaaSO*). 

(Borax Lake, California. Orthorhombic; ground 

Curve a, fig. 40.) 

This mineral was too brittle to grind succ 
bands at 3,1 and 4.55 /n. 



(MgSOi). 

(Stassfurt Mines, Massive : subtranslucent: f = 0 


SUIyPHAtS^vS. 


brittleness the section was not highly polished. Th 
complex, with a deeper one at 5 /a. The same is tru( 
which is complex, with a stronger band at 6.7 
depressions at 1.9 and 3.2 fx. 

Cadmium SulphatiS (3CdS04+8H20) 
(Curves a, h, c, d, fig. 42; # = 0.98 and o.i 

This was an artificially grown crystal, and was pe 
As a whole, it is very opaque to infra-red radiation, 
complex, as is also the one at 4.6 ju., which is sho\ 
vertical scale of which is magnified 10 times. The 
and 2 fjL are well defined, considering the opacity of 
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in the sulphates examined, especially for K, I 
a common band at 6.5 ft. 

The sulphates of the metals K, Rb, and C 
Tutton,^ who has shown that both as regard 
gravity, thermal expansion, and correspond 



MlSCJEjIvLANii^OUS COMPOUNDS. 


to find a shift of the maximum toward the longer w; 
increase the atomic weight of the element which i 
radical. 


MISCiXlvANlCOUS COMPOUNDS. 
Potassium Dichromatic (KaCrOr). 
(Cleavage parallel to m; t — o.^s mm. Fig. 

It was found that this substance furnished beautifi 
cleavage pieces, which are quite transparent to infra-r 
curve shows a complex depression at 2.9 to 3.2 ft, ai 

6.65, 7.7, and 8.7 IX. 

Porter' located a reflection band at 10.3 /i. 


Apatite (Ca5F(P04)8)* 

(From Kragerve, Norway. Massive; subtranslucent; # = o.i2 mm. 

Curve h, fig, 44.) 

There are no strong bands in this mineral, and none are found to be 
common with substances containing the PO4 radical. The bands are 
small and occur at 2.9, 3.9, 4.85, 5.85, 6.4, and 6.85 /x. 



Garnet (Ca«(Fc,Mg)iAIa(Si04)8). 

(/ = 3,25 mm. Curve a, fig. 45.) 

This garnet was wine-red in color, showing absorption bands in tlie 
yellow-green and in the green-blue parts of the spectrum. 

The transmission curve is extraordinary, having a wide absorption 
band extending from 1.2 to 2.6/4, and complete opacity beyond 4.5 /a. 

Monazite, CCe,U,Di)P04. 

(# = 1.04 mm. Curve 6, fig. 45,) 

This brown-colored mineral was partly transparent to visible rays, 
and is equally opaque to infra-red rays. A large band extends from 
3-5 to 5.5 /A, and opacity beyond 6.5 /a. 



(From Parker Shaft, Franklin, New Jersey. Semi-transparent; f — o,o8 mm. 
Curve c, fig. 45.) 

The sample was a mixture of calcite and willemite. The section 
examined was quite pure willemite. The curve shows a depression at 
2.9 fi and bands at 5.9 and 6.75 fA. 



Fto. 45 .—Garnet (a); Mona*Ue( 6 ); WiUcmUc, 

Coi.no»iuM: CGiHTOa(ONOa)«)- 
(/raao.oi mm. Curve a, fig. 46.) 

The film of this compound was made by painting a layer of the com¬ 
mercial “collodion” over a rectangular hole, 4 by 10 mm., in a piece of 
cardboard. After the volatile solvent had evaporated the film was 
dried over PaOs for a week. 

The constitution of this compound is unknown. It will be noticed 
tliat the transmission curve is entirely different from those rich in CHg 
or CHa groups or from those found for the benzine derivatives. 

There are absorption bands at J.65, 2.9, 3.5, 6.05, 7.3, 7.85, 8.7, 9.2, 
9.5, lo.o, 10.8, 11.7, 12.3, 12.7, and 13.6/1,. 

Ammonium CntoRiDg (NH«CI). 

(Translucent; <* *0.6 mm. Curve 6, fig. 46.) 

Section made from a lump of the commercial material. It is very 
opaque, with bands at 1.65, 2.2, and 2.95 ia, the latter being in the region 
where NHj, compounds and NHg have a band. Porter (loc. cit.) found 
a reflection band at 3.44 fu 






misci;Iv1,ane;ous compounds. 


Tartaric Acid (CitLOO- 
(Cleavage parallel to a. Curve a, fig. 47.) 

In fig. 47 curve c is for a film melted and crystallized between thin 
cover-glass, t = o.og mm., while curve a is for a cleavage section, 
t = 0.32 mm. Curve b is for a film melted between plates of rock salt. 
This compound has the properties of a divalent alcohol and of dibasic 
acids. The curves are characteristic of alcohols, having an absorption 
band from 2.9 to 4 ju,, followed by a transparent region at 4.6 jx, which is 
characteristic of carbohydrates. 



PlIMIROOUICIN (CJl8C0H)8+2H!.0). 

(#=a0.02. Fig. 48.) 

This belongs to the group containing water of crystallization. 
Apparently it is an exception to the rule. The sample turned light 
brown on melting, and it is quite probable that the HgO was partly 
expelled. The compound belongs to the phenols, hence one would 
expect a band at 3 to 3.2 /a, the latter being the characteristic of benzine. 
There are small water bands at 1.45 and 2.05 /a. 









Mawc Acid (CJ-IsCOH) (C 0 ,H),). 

(^ = o,o8. Curve h, fig. 48.) 

This compound belongs to the trivalent dibasic acids (C„H2„_^05), 
and, like the acids previously studied, is very opaque, with wide absorp¬ 
tion bands at 3.5, 5.9, and 7.2 n. 

Sodium Biboratb (NaaBr^Ot). 

(Fused glass, transparent, ground to f®=o.i2 mm. Curve a, fig. 49.) 

This compound is formed on fusing borax (Na7B40T), which con¬ 
tains 10 molecules of crystal-water. It is difficult to decide whether or 
not the bands at 3 and 4.8 /a are due to HgO. There are other bands at 
1.9 and 3.7/X. 



Sitw NmtATi? (AgNOa). 

(t’^x.65 mm. Curve b, fig. 49.) 

This crystal was ground, but not highly polished. Its transmission 
curve is marked for its sharp bands at 2.7, 3.6, 4.1, 4.78, and 5.65 





misce)i,lane;ous compounds. 


Sphamrite (ZnS). 

(Cleavage piece, ^ = i.53 mm,; transparent; slightly yellowish tinge. 

Curve ttj fig. 50.) 

The transmission curve is marked for its extraordinary transparency 
from 5 to 12 /*, interrupted by slight depressions at 1.6, 11.2, and 13.2 /*, 
There is a wide band from 27 to 3.3/*, and complete opacity beyond 15 jw. 

SmvER Chloride (AgCl), 

(Vitreous, #==o.8 mm. Curve 6, fig. 50,) 

This is the only known substance for which no absorption bands have 
yet been found in the infra-red. It seems to increase in transparency 
with increase in wave-length, but is opaque for the '‘reststrahlen” at 53 
and 61 /*, as one would expect from its analogy to NaCl and KCl. 



ORTlIOCI.AHIt (KAlSisOs). 

(Yellowish tinge; .subtransparent; ^ = 0.07 mm. Curve 0, fig. 5X.) 

This mineral belongs to the feldspar group. It has bands at 2.85, 
4.7, 5.7, and 6.28 /X, which are bands of silicates. 

Curve c, ^ = 0.23 mm., i.s for a cleavage piece from a specimen of 
unknown composition, and was simply marked “Feldspar.” It has the 
general outline of, but the bands are les.s marked than in, curve a. 

AMPnmoi.a (CaMgsfSiOa)*)- 

(Silky gray color, probably tremolite; ground parallel to w; translucent; 
t 0.07 mm. Curve &, fig. 51.) 

This curve is similar to orthoclase, with bands at 2.8, 4.8, 6, 7.4, and 
8.2 /X. The 6 /A band may be the mean of the two found in orthoclase, 
at 5.7 and 6.28 /u,, respectively. 






MISCE^LLANEOUS COMPOUNDS. 


OudOciASB 

From Bakersville, North Carolina. Cleavage piece; not polished; transparent; 
# = 1.25 mm. Curve a, fig. 52.) 

This mineral has no marked absorption bands. There is a depression 
1 the transmission curve at 3.3 ju,. 

Orthoclasb (var. Adularia) (KAlSi* 0 *). 

Prom St. Gothard, Switzerland. Cleavage parallel to c; perfectly transparent; 
t = o.i5 mm. Curve fig. 52.) 

The transmission curve shows bands at 2.0, 3.2, 3.9, 4.8, and 5.6/11,, 
nd is in marked contrast with the orthoclase curve. 

Zircon (ZrSiO*). 

(Transparent; # = 3 mm. Curve c, fig. 52.) 

This specimen was not long enough to cover the slit. It shows bands 
t 2.1, 3.1, and 3.6/u, and complete opacity beyond 5 /u,. 



G1.ASS. 

(Microscope cover-glass; ^«»o.09 mm. Curve d, fig. 52; curve 0, fig. 53. 

/=s 0.001 mm.) 

The transparency of glass is very great up to 2 /x. The curve shows 
depression at 3.2 fi, and bands at 5.6 and 6.25 /x, which are common to 
iO, compounds. For this thickness glass is transparent to 8 /u. 

5—c 




in^ra-re:d transmission spectra. 


In fig. 53, curve a, is shown the transmission curve or ordinary soft 
glass which has been blown into a bulb of such a thickness that it 
showed interference colors. This is the thinnest film yet examined. 
There is one large complex absorption (reflection) band extending from 
8.5 to 10.7 fi, the maximum being at 9.7/*. 

AlBITC (NaAISiaOa). 

(f = o,i4. Curve h, fig. S3-) 

This mineral is more transparent than orthoclase (fig. 51, curve a). 
The absorption bands at 2.9, 5.7, and 6.3 /<- coincide with those of ortho¬ 
clase. 

Enstawte (MgSiOa). 

("Bronzite.” mm. Curve c, fig. 53.) 

This specimen was a mixture of several crystals. The transmission 
curve shows a large absorption band at 1.85 /a, and smaller depressions 
at 2.9 and 5.2 /a. 

o 

'I 
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Ebonite. 

(^■=0,1 mm. Curve a, fig. S4-) 

In fig. 54 is shown the transmission curve of ordinary ebonite, which 
has been ground thin, so that it was sul)transluccnt. It is quite trans¬ 
parent to 14 ju,, with absorption bands at 3.4, 5.9, 6.9, 8.3, 9.1, and 10 /a, 
which are in coincidence with bands belonging to carbohydratc.s. 

Para Rubber. 

(Subtranslucent; /»o.27 mm.) 

In curve h, fig. 54, is given the transmission curve of a thin piece of 
sheet rubber. It is very opaque, but shows a large band at 3.3 /a. 

Stidnite (SbaSi). 

(Cleavage piece parallel to b; f«=o.45, 0.98 and 4.9 mm. Fig. 55.) 

This is one of the most remarkable substances examined. It has a 
metallic luster, which is highly splendent on fresh cleavage surfaces. 





It is, of course, opaque to the visible rays, but, for the thickness used, it 
transmits 45 to 50 per cent of the infra-red from 1.5 to 12/*. This 
great transparency to heat rays seem to be a property of the sulphides, 
as will be noticed in sphalerite (ZnS). In this connection is to be 
noticed that selenium is also very transparent to heat rays. 

From the reflection curve it will be noticed that the above thickness 
of stibnite is practically transparent, instead of transmitting only 45 per 
cent, as indicated above. From curves a and fo, it will be noticed that 
there is practically no difference in the transmission, although one is 
twice as thick as the other. The greater transparency of the thicker 
film at 7 is not an error in observation, as was found on repeating the 



Fio. 55.—Stibnite ; Brookltc (rf); Rutile («). 

work. In curve c, where the thickness is 4.9 mm., the absorption 
(selective reflection?) band beyond 15 /a becomes quite evident. In 
this region the reflection curve suddenly decreases, indicating a region 
of anomalous dispersion. 

Brookits (TiOa). 

((^ 0.37 mm . Curve 6 , fig. SS;) 

The specimen examined was subtranslucent, and by transmission was 
of a grayish tinge. The curve shows no bands except a depression 
at 3.1 ja. 

Ruti« (TiOa). 

(/=3 0.^5 mm. Curve r, fig. 55.) 

The section of this mineral was ground from a long, flat needle, which 
transmitted a deep red. It is more opaque than brookite, from which it 
differs in crystalline form. 
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Potassium Nitrate (KNOs). 

(t — 0.32. Curve Oj fig. 56.) 

The section of this substance was made from the commercial material. 

It is conspicuous for its large absorption band extending from 6.5 to 
8.5 fi, and a slightly smaller band at 12 /x. 

There are absorption bands at 3.6, 4.0, 4.7, 5.65, 6.5 to 8.5, 9.6, 10.2, 
12.0, 13.1, and 14.3 fx. Some of these bands coincide with sharp bands 
in silver nitrate. The reflection curve (x-x-x-x) shows a maximum 
at 7.15/X. 

AmbUr. 

(f — 0.8 mm. Curve b, fig. 56.) 

Amber is a fossil resin. The section examined is too opaque to give 
us any information. 



FivUOritj: (CaFa). 

In fig. 57 are shown the ti-ansmission curves of several pieces of 
fluorite, examined several years ago, but never published. They are 
given to show the difference between a perfectly white fluorite, curve a, 
and a greenish tinged variety, curve b. The latter shows a slight 
absorption band at 1.4/x. In curve a, ^=l23 mm., and in curve b, 
*==475 nim., from which thickness it will be observed that if we cor¬ 
rect for reflection, white fluorite is perfectly transparent, while the green 
variety is likewise beyond 2.5 /x. This transparency has been observed 
by Rubens and others, and continues beyond 6 /x, where it decreases to 
zero at 10 /x. 

From the curves it will be seen that for certain work on radiation the 
green fluorites are just as serviceable as white ones, which latter are 
becoming difficult to obtain. 




moisture, and the curve is given to show its great effect in the visible 
spectrum, which becomes negligible in the infra-red. 

Cat, cm (CaCOji)- 

(# = o,i4 mm.; cut 70“ to axis. Curve a, fig. 58.) 

The section used was a small piece, 5 by 6 mm., made for polarimetric 
work. It was too short to cover the whole slit, hence the actual trans- 



niission is greater than 55 per rent, indicated on the curve, The curve 
is remarkable for its transmission of heat-waves. After {massing through 
the opaque region at 7/4,, the .section i.s again fairly transparent to 14 /a. 
There are bands at 3.44, 3.93, 4.6, 5.7, 6.5 to 7.5, 8.5, 9.4, lo, 10.7, 11.3, 
12.2, 12.5, and 13.2/4. The rcgimi of great absorption at 3.4 to 3.9, 
6.5 to 7.5, and 15 /A are closely harnumic. 

It will he noticed that the VO^ hand at 4.28 is lacking, while the 4.6/* 
band, found in CO, is small, from which it apjiears that COg, which is 
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SO prominent as a gas, is differently bonded in calcite and magnesite. 
The same thing has been noticed in Azurite. 

Magnesite (MgCOs). 

(Massive; subtranslucent; # = 0.09. Curve b, fig. 58.) 

This. mineral is more unusual than calcite. It has the transparent 
region of calcite, at 5/*, preceded and followed by almost complete 
opacity. The bands at 3.3 and 3.8/x are probably in common with 
calcite. 



CassiteriTE (SnOa). 

(/ = 0.085 inm.; transparent. Curve a, fig. 17.) 

This section, when bought, was thought to be mcllite; but its trans¬ 
mission curve is so entirely different from what one would expect to 
find for substances containing water of crystallization that it wa.s sus¬ 
pected to be another mineral. Specimens of niellite were purchased, 
and found to be unusually opaque to heat rays. Upon inquiry from 
the maker it was found that they had accidentally substituted cassilerite 
for mellite. The fact that it was possible to detect the error would 
indicate that the method of analysis is trustworthy. There are small 
absorption bands at 1.3, 3, 5.8, 6.6, 7.3, 8.25, 9.7, and 10.4/*. 


PART IV 

INFRA-RED REFLECTION SPECTRA 




CHAPTER I. 

INTRODUCTION. 

Previous work on this subject has been rather disconnected, and the 
present investigation is only preliniinary to an extended inquiry into the 
subject. Nichols’- compared the reflecting power of quartz with silver, 
and found that from the visible to 8 fi only a small amount is reflected, 
while at 8.5 and 9.02 fx there are two intense reflection bands which 
have a reflecting power almost as great as silver. This work was con¬ 
tinued by Rubens and Nichols,® by using successive reflections from sev¬ 
eral surfaces of the same mineral, who found the location of the maxima 
of the selectively reflected rays(‘'Reststrahlen”)of a series of substances, 
including quartz, mica, rock salt, sylvite, crown and flint glass, sulphur, 
alum, and calcite. By using a wire grating they were able to extend 
their observations to 61 ix, the longest heat-waves yet discovered. 

In 1900, Aschkinass,® using a rock-salt prism, compared the reflecting 
power of a series of minerals, including marble, calcite, selenite, and 
alum. He found that marble and calcite have strong reflection bands 
at 6.7 and 11.4/i, while selenite has a band at 8.69/*. The 6.67 band 
of marble is broad, and no doubt complex; and in the present work it 
will be noticed that the calcite band is also double, with the stronger 
component at 6.6 /*. 

Recently Porter,* using the method of Rubens and Nichols, found 
the selectively reflected rays of a series of compounds for the region 
extending to 10 /x. By this method he was able to locate maxima which 
are very small and would not appear by a single reflection. For 
example, potassium ferrocyanide has a series of medium-sized bands 
which were found in the present examination of absorption spectra, one 
of which also appears in his reflection spectrum of this compound. 

APPARATUS AND METHODS. 

The apparatus for the absorption work was used in the present exam¬ 
ination. To this end the Nernst heater was replaced by a sliding carrier 
containing the reflecting mirrors (fig. 59). The carrier consisted of a 
vertical sheet of metal which, by means of cords and pulleys, was moved 

* Nichols: Phys. Rev., 4, p. 297, 1897. 

’Rubens and Nichols: Ann. der Phys. (3), 60, p. 418, 1897. 

’Aschkinass: Ann. der Phys. (4), 1, 42, 1900. 

* Porter: Astrophys. Jour., 22, p. 229, 1905. 
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back and forth in a horizontal direction in a very accurately milled slot. 
Two openings, each having an area of 2 by 3 cm., were cut into the sheet 
of metal, over which and facing the spectrometer slit were attached the 
mirrors. The silver mirror was, of course, permanently attached over 
one of the openings in the carrier, and it was a simple matter to attach 
the previously prepared reflecting surfaces of the minerals over the 
other opening. This brought the reflecting surfaces of the silver mirror 
and the mineral into the same plane, and limited the exi)oscd area to the 
size of the opening in the carrier. The silver mirror was chemically 
deposited upon a plane glass plate, and was new. 

Occasionally the reflecting surface of the mineral was simply a cleav¬ 
age plane—for example, selenite and celcstitc. 

The angle of incidence 
upon the mirrors was 25®. 
Since we arc finding the 
ratio of the reflecting power 
of the mineral to that of 
silver, this large angle, 
which was unavoidable on 
account of the construction 
of the spectrometer, will not 
affect the results apprecia¬ 
bly, The values given are 
slightly liiglicr than the ab¬ 
solute reflecting power, but 
the correction is only about 2 per cent’- at the maximum, and since so 
much depends upon the condition of the reflecting surface of the min¬ 
eral, the correction has not been made, except for the metals. 

The spectrometer slits were 0.3 mm., or about 2" of arc, as in the 
preceding work. The radiation from the Nermst “heater” was thrown 
upon the reflecting mirrors by means of a mirror having a focal length 
of 15 cm. and an aperture of 12 cm. 

As mentioned elsewhere, in a majority of minerals the general absorp¬ 
tion increases so rapidly beyond 5 fx that unless one can reduce the thick¬ 
ness to o.oi mm. it is impracticable to examine them. It is not a diffi¬ 
cult matter to reduce liquid films to this thickness. On the other hand, 
to grind a solid to even o.i mm., and then mount it so that it will be free 
from glue and free from its support, is not practicable in many cases. 
The reflection method is not much more advantageous, because larger 

^Hagen and Rubens: Ann. der Phys. (4), ii, 873, 1903, have found the reflect¬ 
ing power of silver to be about 98.5 per cent throughout the spectrum beyond 2fi. 



Fig. 59.—Arranp-enieiil of Bppnralns for reflection work. 
Spectrometer not bIiowii. 
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surfaces will be required Hence the present examination is limited to 
those minerals which afforded surfaces i by 2 cm. or larger. 

Before discussing the results it will be well to recall some of the 
known facts in regard to absorption, reflection, and dispersion. In case 
of normal dispersion the index of refraction decreases with increase in 
wave-length. For a transparent substance this means a decrease in 
reflecting power, with increase in wave-length. In the region of an 
absorption band the refractive index will be abnormally decreased on 
the side toward the short wave-lengths, while it will be abnormally 
increased on the side of the long wave-lengths. Consequently the reflec¬ 
tion curve, which is now a function of the refractive index and the 
extinction coefficient, will be abnormally decreased on the side of short 
wave-lengths and abnormally increased on the side of the long wave¬ 
lengths. 

These facts are well illustrated in the present series of curves. The 
same is to be observed in Aschkinass’s curves. He makes no com¬ 
ments, however, although the minerals were examined in connection 
with the question of anomalous dispersion. In comparing the present 
curves with the transmission curves it will be noticed that the maxima 
do not coincide. This is to be expected, for in the transmission curves 
in the region of great absorption and anomalous dispersion the loss of. 
energy is mostly by reflection, hence the maximum will be abnormally 
broadened and shifted. This is well illustrated in the transmission 
curve of potassium nitrate, which has a large opaque region extending 
from 6.5 to 8.5 ju,. Before examining this region by reflection the 
writer expected to find this region to be a complex of several bands, as 
in calcite, or at least of one large band with a maximum at about 7.5 {x. 
The reflection band, however, is found at 7.18 ju,, and the asymmetry in 
the transmission curve is to be attributed to the slight loss of energy, by 
reflection on the side of the short wave-lengths and to a correspond¬ 
ingly great loss on the side of the long wave-lengths. 

Before discussing the reflection curves it may be added that the crys¬ 
talline minerals were usually cleavage pieces cut (but not always pol¬ 
ished) in the same direction as for the transmission work. A series of 
sulphates will first be noticed. 




CHAPTER n. 

INFRA-RED REFLECTION SPECTRA OF VARIOUS SUBSTANCES. 
SULPHA'TES. 

SELBNITB (CaSO^+HaO). 

Cleavage piecc^ cut parallel to h axis. The curve a, fig. 6o, shows a 
uniform decrease in reflection to 7 then an abnormal decrease to 7.8 /*. 
The maximum occurs at 8.7/x (Aschkinass, 8.69/x), and from its lack 
of symmetry may be complex. In fact, from what follows one would 



expect another band at 9.1 /x, which is of frequent occurrence, and is 
harmonic with the SO4 band at 4.5 /x. 

In a recent research by Koch,* who used a reflection band as a source 
of energy in an interferometer, there are indications that the band of 
selenite at 8.7 ft, is complex. 

‘ In the present discussion “cleavage piece” signifies that the natural unpolished 
surface was used. 

* Koch: Ann. der Phys. (4), 17, p. 658, 1905. 



Barite (BaSO^. 

(Massive. Curve h, fig. 6o.) 

The reflection decreases normally from 4 to 6.8 fi, then abnormally to 
7.8/1. There are maxima at 8.35, 8.9, and 9.1 /a, followed by a trans¬ 
parent region to 12 /a, where the present observations cease. The reflec¬ 
tion appears to increase at 11.5 (x. 



CeeestitE (SrSOi). 

(Cleavage parallel to c. Curve a, fig. 61.) 

The reflection curve is similar to the preceding, with maxima at 8.2, 
8.76, and 9.1 /A. The region beyond 9/1 is evidently complex, with a 
possible maximum at 9.3 (x. 


KiEseuite (MgSO^+aHaO). 
(Massive. Curve fig. 61.) 


This mineral is hydroscopic, and does not take a high polish, 
two small maxima occur at 8.7 and 9.25 /a, respectively. 



The 


Glauberite (NaS04CaS04). 

(Ground parallel to c. Curve a, fig. da.) 

The maxima in this curve are not well defined, particularly the one 
at 9-1 /* and the one at 8.3 [x. The band at 8.7 /a is not so sharp as in 
selenite. 




This crystal dehydrated so rapidly that the surface became rough. 
There is one well-defined maximum at 9.1 jw. which is harmonic with the 
SO4 band at 4.55 fi. 

Alum (IGS04Ab(S04)84-24tL0). 

(Curve a, fig. 63.) 

Aschkinass (loc. cit.) found a small reflection band at 9.05/*. The 
present examination was made to compare it with that of other com¬ 
pounds having the SO4 radical. The maximum was found at 9.1 /a. 



Anhydritb (CaSO*). 

(Curve h, fig. 63.) 

Cleavage pieces pasted upon cardboard to form an area sufficiently 
large for reflection. In comparison with selenite, it will be noticed that 
the large maximum of the latter is here found at 8.6 jw., followed by a 
small band at 9.1 4. It seems.a little surprising that the latter band 
should be so small if it is a harmonic of the large band (of CaSO^) at 
4-55 /*• 

Diaspoiuc, AlO(On). 

(Cleavage piece parallel to h. Curve a, fig. 64.) 

This is the most remarkable mineral yet examined. For the region 
up to 8 jw. it has no marked absorption bands. Beyond this point condi¬ 
tions arc entirely reversed. There is a broad reflection band extending 
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from 94 to 10.3 fi, with maxima at 945> 9 -^> /*• The region 

from 12 to 13 /X is complex, with a maximum at 12.8 fx. In addition to 
this are sharp maxima at 8.55, 13.8, and 14.6 fi. 

Quari'z (SiOs). 

(Curve b, fig. 64.) 

Section cut perpendicular to optic axis. The examination was made 
to compare the maxima of the silicates studied. The maxima (at 8.48 
and 9.02 fx) agree well with those found by Rubens and Nichols, using 
a wire grating. The enormous reflecting power of 95 per cent at 9 fi 



Fio. 6.). -nlaspore (a); QtmrU. 

has been found only in quartz, and is sliglitly higher than found by 
others. In the silicates to be noticed pre.sently it will be foimtl that the 
bands found in quartz are shifted to new positions for each new com¬ 
pound examined. 

A new band which is unusually sharp and narrow was found at 
12.5 fx. It is so very narrow that it seems more appropriate to call it a 
line instead of a band. 

Trowbridge measured the reflecting power of quartz at 9, 10, ii, I2, 
and 12.78 fx, and found a rapid decrease to 12 fx, while the last reading is 
much higher, which increase he interpreted as being due to the band at 




tile same region, it will be noticed that his last observation was in the 
midst of a reflection band, beyond which the reflecting power decreases 
to a low value as it approaches the 20.75 /* band. 



Potassium Nitrate (KNOa). 

(Curve a, fig. 65.) 

This compound shows a sharp maximum at 7.15 /i. As was noticed 
elsewhere, the great shift of this maximum, as compared with the band 
formed in the transmission curve, is due entirely to the great difference 
in the reflection on both sides of the transmission curve, which is given 
without correction for reflection. 

Enstatite (MgSiOa). 

(Curve b, fig. 65.) 

This mineral is a mass of fine crystals. The reflecting power is low; 
there is a small maximum at 9.1 /i. 



CAraTE (CaCOs). 

(Curve a, fig. 66.) 

Reflection from a natural cleavage face of Iceland spar. The trans¬ 
mission curve shows a wide complex band extending from 6 to 8/1. 
6—c 



The reflection is complex, with maxima at 6.6 and 6.85 /*• Aschkinass^ 
found a hand at 6.69 /* for Iceland spar, while his curve for marble is 
flat, and evidently complex. 

MAGNESm (MgCOa). 

(Massive. Curve h, fig. 66.) 

The band of selective reflection is similar to that of calcite, and con¬ 
sists of two maxima at 6.5 and 6.8 fi, respectively. 



Microcuni{ (KAlSisOa). 

(Cleavage piece parallel to c; polished. Curve fl, fig, 67.) 

The reflection band from 9 to 10 fx is complex. There are sharp 
maxima at 8.85 and 9.95 (x, with a probable band at 11 jx. 

TaIC (HaMgaSuOxa). 

(Massive. Curve 6, fig. 67.) 

There are sharp maxima at 9.05 and 9.75 fx. Beyond this point to 
12 fx there is great transparency. 

‘Aschkinass, loc. cit 







MICAS. 


Muscovite Mica (HsKAUCSiOOs). 

(Curve a, fig. 68.) 

Cleavage piece, clear white; a thick piece shows a slight brownish 
color. The micas are the only minerals examined in which the maxima 
do not agree with those found by previous observers. From the fact 
that quartz was examined at the same time, and no disagreement was 
observed with other observers, the discrepancy is probably due to the 
kind of mica used. 

Rubens and Nichols (loc. cit.) found reflection bands at 8.32 and 
9.38/X. 



In the present curve there are bands at 9.2, 9.7, and 10.2/1. The 
absence of the 8.32 fi band was also noted by Rosenthal,^ whose reflec¬ 
tion curve does not show any sharp maxima. 

Biotite Mica, (H,K),(Mg,Fc)aAl(SiO0s. 

(Curve b, fig. 68.) 

The biotite curve has maxima at 9.3, 9.6, and 9.85 fi, the latter being 
unusually sharp. The reflecting power of the micas is high in compar¬ 
ison with some of the silicates. The position of the maxima is variable, 

’Rosenthal: Ann, der Phys. (3), 68, p. ygi, 1899. 





INI^RA-RIJD R^Fly^CTlON SPIJCTRA. 

and is no doubt to be attributed to the variable composition of the 
mineral. 

DKwSYU'i'E (HiMgi(SiOi) B+4HaO). 

(Curve a, fig. 69.) 

This mineral has a complex region of selective reflection extending 
from 9.5 to 11 fi. There are maxima at 9.65 and 10.5 /*. 
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Pio, 69.—Deweylite (o); ApopliylHte. 

ApOPHYrUTe (IiTKCai(SiOi)a+4i^HaO). 

(Cleavage parallel to c, fig. 69.) 

There is the usual region of reflection common to the silicates. There 
are maxima at 9.15 and 9.7/*. 

Sodium METAPnospiiATK (NaPOo). 

(Curve a, fig. 70.) 

There is a single band at 8.0 which is harmonic with the band at 4 /x,. 
In other regions the reflection compares with glass and the vitreous sub¬ 
stances examined, 
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Fig. 7o,~Sodlum metaphoaplialc (a); Tounnalliie. 

Tourmaxink (H«NaaFe«B»Al*SiiaOw). 

(Curve b, fig. 70.) 

The reflection was formed from a natural crystal face. There are 
maxima at 7.5, 8.0, 9.2, 9.7, 10.2, and 10.7 /x,. 






SIUCATBS. 


SjewaNmNiBt (H*(Mg,Fe)8SiO»)- 

(Curve Qj fig. 71.) 

The reflecting power of this mineral is low. The maxima are at 9.7 
md 10.5 

Cot^MANir® (CasBoOn+sHsO). 

(Cleavage piece parallel to b. Curve bj fig. 71.) 

From the transmission curve it will be noticed that this mineral is 
'^ery opaque. Yet it has no metallic reflection bands before arriving at 
' fA. Its reflecting power of only i per cent at 4 /x, is unusually low. 
Phere are maxima at 7.3, 7.6 (?), 9.4, 10.6, and 11.2/u,. 



AijiitiS (NaAlSiaO#). 

(Curve a, fig. 72.) 

Section ground parallel to a cleavage plane. The curves of soda and 
lotash feldspars are unusually similar, as was found for transmission. 
Phe maxima occur at 8.7, 9.7, and 10 /*. 



OrthocIvASS (var. AduIvAria) (KAlSioOs). 

(Curve b, fig, 72; cleavage parallel to <r.) 

The first maximum is shifted to 8.8/x,, while the second is a broad 
and, with a maximum at 9.8 /x.. 


Amphiboly (CaMgaCSiOu)*). 

(Curve Oj fig. 73.) 

The general trend of the reflection curve is similar to quartz. There 
are maxima at 8.7, 9.45, 10.03, ^ ^ and last being small 

and not well defined. 



Sodium Biboratk (NajBr«Ot). 

(Curve h, fig. 73.) 

This substance is a glass made by fusing borax. The surface was 
well polished; nevertheless the reflection bands are weak. The maxima 
are wide and occur at 7.5 and 10 (i. From a comparison with the trans¬ 
mission curve it appears that the great opacity of this glass is due to 
some other property than to bands of selective reflection. 




SILICATlJS. 


DATOWTe (Ca(BOH)SiOO. 

(Curve a, fig. 74.) 

The reflection curve shows a series of small, sharp maxima at 8.8, 
9.2, 9.5, 10, and 10.8 ft. The reflection was from a natural crystal face. 

HYDROTAtCITE (MgaAl (OH) .+3H,0). 

(Curve 6, fig. 74.) 

The results from this mineral are rather disappointing. There is but 
one reflection maximum at 9.9 /*, and this one is not very large. The 
transmission curve shows great opacity. 



Natrowte (NaiAbSuOio+HsO). 

(Curve a, fig. 75.) 

Reflecting face ground parallel to m. There are maxima at 9.05, 
9.5, and 10.05 /A, beyond which point the reflecting power remains 
unusually high to i2/a. 

Apatite (CasF(POOa)- 
(Curve h, fig, 75.) 

The reflecting power gradually decreases to 7.5 /x, beyond which point 
there are maxima at 9.12 and 9.65 fi. 

Geass. 

(Curves a, b, c, fig. 76, and curve o, fig. 78.) 

Glass is of such a variable composition that if the various metallic 
oxides other than of silicon had an effect upon the reflection bands one 
would expect to observe it. For example, crown glass O381 contains 
68.7Si02H-t3-3P1^04-i5-7Na204-2ZnO, while a flint silicate S57 con¬ 
tains 2i.9Si02+78Pb0, and a lead glass contains 4.62PbO-|-8K30 
+45Si02. 

The following samples show that the variation in the silicate content 
of the glass has little effect upon the maxima, except that of intensity. 

The curves show a slight curvature at 8.6 to 8.8 /x, a sharp maximum 




INFRA-RED reflection SPECTRA. 


at 9.2 to 9,3 /X, and a third band at 9.7 /x. Curve a, fig. 76, gives the 
reflection for a monochromatic red glass, No. 2745, made by Schott & 
Co., of Jena; curve b is for a plane parallel interferometer plate; curve c 
is for a piece of fluorescent uranium glass, while curve a, fig. 78, is for 
a piece of ordinary plate glass. 

The fluorescent glass has an unusually low reflecting power. All of 
the samples have a uniform reflecting power to 7.0/x, then a sudden 
decrease, followed at 8 jix by a large band of selective reflection. For 



the transmission curve of glass (fig. 53) it will be noticed that there is a 
decrease in the transparency beyond 15 Hence one would e.xpect to 
find the reflection curve to be irregular a.s observed, being abnormally 
high just beyond the reflection band at 9.3 ix, and abnormally low on 
approaching the second large absorptive band which lies beyond 15/x. 
The glass plates were from 3 to 8 mm. thick, hence opaque beyond 4 /x, 
so that the reflection values are not influenced by energy reflected from 
the second surface, i. e., the reflection is from only one surface. 



Pfmid^ has published a reflection curve of glass, which is entirely 
lacking in these small bands, due to the fact that only six spectrometer 
settings were made between 8 and 12/x, while nineteen settings were 
made in the present work. 

Granite. 

(From Barre, Vermont. Fig. 77.) 

Granite is a mixture of quartz, feldspar, and mica, and hence gives a 
reflection spectrum which is the composite of these minerals. In the 
present specimen the mica plates were partly broken off the surface in 
polishing. 



Fio. 77.~Granite (a); I’orcelain. 


PoRCEi,AiN (Glazed). 

(Curve &, fig. 77*) 

The specimen was a flat fragment of a glazed white porcelain dish. 
As is well known, porcelain ware is made from kaolin, which is the 
decomposition product of aluminous minerals, especially the feldspar of 
granitic rocks. 

The reflection curve .shows maxima at 8.5 and 9.25 /x. 

PECToutE (IINaCai8(Si08)»)- 
(Curve &, fig. 78.) 

The specimen examined was spindle-sjiaped, consisting of two masses 
of needle-shaped crystals grown enti to end. The reflecting surface 

^ Pfund: Astrophys. Jour., 24, p. 25, 1906. 




was ground parallel to the needles. The reflection curve is of the usual 
form and shows maxima at 9.4, 10.3, and 10.8 fi. 



WlUEMiTE (ZllaSiOi)- 
(Curve a, fig. 79.) 

The reflecting surface was ground fi-om a massive specimen. The 
transmission curve becomes opaque very abruptly at 9 /a. This is fol¬ 
lowed by a sudden rise in the reflection curve at 10 fi. There are three 
strong maxima at lo.i, 10.6, and 11 /x, respectively, followed by a small 
band at 11.6 [x. From the location of the maxima it is evident that the 
bonding of the SiOg in willemite is different from that of quartz. 



VaRICIT« (AlP 04 + 2 Ha 0 ). 

(Curve b, fig. 79.) 

The reflecting power is low, and decreases uniformly from 4 to 7.5 
where it decreases abruptly to 8.5 fi. There are maxima at 9.25 and 








due to the PO4 radical. 


su]:.PHiD:es. 


STIBNITE (SbaSg). 

(Large fresh cleavage piece parallel to h, perfectly plane without striations. Area 
I by I.S cm. Curve a, fig. 80.) 

The reflecting power of the sulphides of Zn, Pb, Fe, and Sb are 
worthy of notice. They are known for their metallic luster, especially 
stibnite (SbgSa). Their reflecting power in the infra-red is equally 
conspicuous for its high value, which is uniform throughout the region 
examined to 12 ix. Stibnite is the most marked in this respect. By 
transmission it was found to be unusually transparent, the absorption of 
a thin film, 0.45 mm., being about 45 per cent throughout the whole 
region to 12 ii, beyond which there appears to be another absorption 
band. The reflecting power was found to be about 35 per cent to 11 fx, 
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Fig, So.—StilbiteCa); Pyrite(A); Galena (/:); Sphalerite 


so that after eliminating the reflection the mineral is almost transparent. 
This is well illustrated in curve b, fig. 55, which is for a section 10 times 
that for curve a. It will be noticed the true absorption is only about 5 
per cent. It is diflicult to decide from the present date whether the 
band beyond 14/x is due to absorption or to selective reflection. The 
reflection curve drops in the region of 13 /x, which would indicate a 
selective reflection just beyond this point. 

The observations were repeated on different specimens, and no differ¬ 
ence greater than experimental errors was found in the reflecting 
power, so that it can be definitely stated that the reflecting power is 
higher in the visible spectrum, and drops to a lower value beyond 12/x. 
This, as well as the other sulphides, was found to be opaque to Roentgen 
rays. 



The value calculated from the well-known Fresnel formula: 

i+VR 

for the region from 4 to 8 /x, where the reflecting power is R =: 36, 
w = 4.o, and n^ — i6. The dielectric constant, determined for me by 
Dr. N. E. Dorsey by the static method, by placing thin sections in a 
small air condenser, is about 8 to 9, which is only about one-half the 
computed value, i=w^ = i6. 

The difference is so great that it is not permissible to consider this 
substance a transparent non-conductor. Of course, if there is a large 
reflection band beyond 15/x (fig. 55) the above assumption is not true. 
The proper test would be to find the reflecting power for Hertz waves. 

Konigsberger and Reichenheim^ examined a scries of natural sul¬ 
phides by means of what may be called spectrum energy screens or 
filters, viz, plates of quartz, fluorite, etc., which transmit only certain 
regions of the spectrum. From the thickness of the plates of the min¬ 
erals examined and the observed energy transmitted they computed 
the reflecting power. The method can not be as accurate as the present 
one, which involves a direct measurement of the reflecting ])owcr; and 
this may account for their higher values. For stibuite they observed a 
reflecting power of 47.6 per cent for the region 0.5 to 4.0 /x, and 43.9 
per cent for the region 1.6 to 4.0/x. Of course, it is possible that their 
sample had a higher reflecting power. The electrical conductivity was 
of the order lo-’-® (I-Ig= i), and they concluded, as was found in the 
present work, that the Maxwell relation does not hold true. 

Pyritb (FeSa). 

(From Rio Marina, Island of Elba. Curve b, fig. 80.) 

The reflecting surface of one specimen was formed by grinding a 
large crystal face, which was found would not take a higli polish. 
This specimen gradually increased in reflecting power from 25 per cent 
at 2/X to 34 per cent at 12 /x. The low reflection at 2 /x is evidently due 
to lack of polish. 

Curve b is for a natural cubical crystal face which was i by 1,3 cm. 
in area. It was quite plane, and had a high polish, excejE at one end, 
where there were a few striations. A perfect crystal would have a 

* Konigsberger and Reichenheim: Centralblatt fiir Minerulogie, Jahrg. 1905, p. 

465. 



SUI^PHIDEIS. 


lightly higher reflecting power. The specimen has a slightly higher 
reflecting power in the visible, and beyond 3 /u. a constant reflecting 
power of about 32 per cent^ to 14 [i. 

According to Reichenheim,^ the electrical conductivity is variable for 
different specimens on account of impurities, so that no comparisons 
can be made with the computed reflecting power, such as have been 
made by Hagen and Rubens® for metals. 

(Galena (PbS). 

(Cleavage piece, surface 2 by 2.5 cm.; quite plane. Curve c, fig. 80.) 

The reflecting power appears to be slightly higher in the visible than 
'n the infra-red, where it is constant at 31 per cent to 14/11.. No doubt 
he reflecting power would be slightly higher for a perfect specimen. 
It was found impossible to grind a surface that was not full of small 
depressions, due to chipping of the surface. 

Sphalerite (ZnS). 

(Curve dj fig. 80.) 

The specimen examined was a dark mass of crystals. The surface 
howed several cracks. The reflecting power is no doubt low, even for 
a perfect surface, as will be noticed from its uniformity throughout the 
pectrum to 15/11.. No large, clear specimen of this material was 
obtainable. The refractive index in the visible is 2.369 (Na), while 
computing from the reflecting power at 5 to 10 /u. would indicate a value 
oi n= 1.85 for R = 0.09. 

Sulphur (S). 

(Reflection from large crystal face. Curve 6, fig. 81.) 

The reflection curve is low and uniform throughout the spectrum. 
It is interesting to note that the absorption bands at 8 and J2 fi (found 
in a previous examination) are too small to affect the reflection curve. 
En this connection it will be noticed that all the sulphides examined, 
except ZnS, have a much higher reflecting power, while the zinc sul¬ 
phide reflection is practically the same as that of pure sulphur. 

‘ Konigsberger and Reichenbeim: Centralblatt fiir Mineralogie, Jahrg. 1905, p. 
4d5> “by extrapolation from the curve for the visible spectrum found a reflecting 
power of 30 per cent.” 

* Reichenheim: Inaug. Diss., Freiburg, 1906. 

‘Hagen and Rubens: Ann. de Phys. (4), ii, p. 873, 1903. 


Carborundum (Siwcium Carbide) (SiC). 

(Large hexagonal plate, naturally highly polished. Curve a, fig. 8i.) 

This is an artificial product obtained from a carborundum furnace. 

The reflection curve is the most remarkable one yet discovered. The 
selective reflection bands of quartz at 8.5 to 9.03 /x stand second in the 
order of intensity. 

Since absorption, reflection, and refraction are intimately connected, 
the reflection curve gives us an idea, qualitatively, of the dispersion of 
this mineral. It will be noticed that the reflection curve drops abruptly 
from a fairly constant value at 9 /x to a very low value at 10 /x, while 
beyond 13 /x it remains abnormally high. This is exactly what is found 
for the refraction curve, in the region of anomalous dispersion, and to 
illustrate this point the carborundum curve is the best example yet 
observed. In this connection it will be noticed the reflection curve of 
quartz decreases more uniformly throughout this whole region. 



GRApnm (C). 

(Natural mineral from Siberia. Curve c, fig. 81.) 

The reflecting power of various forms of carbon, such as "gas- 
carbon” and anthracite, have been examined by Aschkinass,^ who found 
the reflection to increase from 30 per cent at 8 /x to 53 per cent at 26 /x 
for the former, and a uniform reflection of about 13 per cent throughout 
this same region for the latter. 

^Asdikinass: Ann, der Phys. (4), i8, p. 373, 1905, 




TRANSPARENCY TO X-RAYS. 


The present sample, which had a high polish, increases uniformly in 
reflecting power from 40 per cent at 2.5/1, to 60 per cent at 12 /*. It 
thus appears that the presence of silicon in carborundum lowers the 
reflecting power up to 9, beyond which it becomes abnormally high. 

The results obtained from the present examination of reflection 
spectra demonstrate a number of important facts. The first one is the 
dependence of reflection upon absorption. The second point worthy 
of notice is that the region of selective reflection begins beyond 7/i, 
while for the majority of substances studied the region of greatest 
activity is from 8 to 10 fi. Whether this coincidence in the grouping of 
reflection bands (of minerals other than those containing SiOg) is fortu¬ 
itous is unknown. A knowledge of their dielectric constants might 
aid in deciding this point. In considering this question of the selective 
reflection beyond 7/x, it will be recalled that the "general absorption” 
of many substances was found’- to increase beyond this point. 

The results as a whole show that there are not such definite bands, 
whether found by reflection or by absorption, in the silicates as one 
would expect. In other words, the silicon radical seems to be differ¬ 
ently bonded in each mineral. Possibly there are several radicals—SiOj, 
SiOg, Si0.i—one or more of which are present in each mineral, or even 
in different specimens of the same mineral. This would explain the 
lack of constancy of the occurrence of the bands of quartz at 3 ft. 

The investigation has added one more radical which has definite 
absorption bands in the infra-red, viz, SO^, which has harmonic bands 
at 4.5s and 9.1/1. 


TRANSPARENCY TO X-RAYS. 

The majority of these silicates and sulphides were examined under 
X-rays, and all but graphite were found to be opaque. Of course, the 
samples were large, which means that in thin sections, no doubt, many 
of the silicates would be as transparent as glass. 

reelecting power oe metals. 

The reflection power of various metals and alloys, which can be 
easily produced in the form of concave mirrors, has been measured by 
liagcn and Rubens.^ The list does not include Co, Zn, Cd, Al, Sn, 
Pd, and Ir, the reflecting power of which in the form of plane mirrors 
is herewith presented. 

* Infra-red Investigations, Washington, 1905. 

* Hagen and Rubens: Ann. der Phys., 8, p. i, 1902; n, p. 873, 1903. 



The present list can not, of course, be of practical use, since the sur¬ 
faces tarnish, but from a theoretical standpoint they are of considerable 
importance. For example, Hagen and Rubens established relations 
between the reflecting power and the electrical conductivity of the 
metals studied. One would, therefore, expect similar relations for 
closely related metals in the Mendeleef’s series. 

For example, one would expect the reflecting power of cobalt to be 
of the same order as that of nickel, and a similar relation between zinc; 
and copper, and palladium and platinum. From the present examina¬ 
tion it will be noticed that such a close parallelism exists in all cases 
where the actual condition of the reflecting surface, i. e., its polish, is 
negligible. Unfortunately in the present list only zinc and cobalt take 
a high polish which is quite permanent. Cadmium also takes a high 
polish, but tarnishes in a day or two. Tin can not be given a high 
polish; palladium is of a similar nature, while aluminum always retains 
a hazy white surface. As a result, in the shorter wave-lengths the 
reflecting power is lower than normal, and rises steadily to 8 or lo ft, 
where it assumes a constant value which can no doubt be interpreted 
as real. 

The specimens examined were about 3 by 4 cm, area. They were 
ground plane, then polished with Vienna lime and stearin oil. The 
silver mirror was finally prepared by “buffing,” and had a fine surface. 

An attempt was made to use silvcr-on-glass mirrors, but even those 
that transmitted only blue light were found to differ as much as 2 per 
cent in reflecting power, while the best silvcr-on-glass mirror reflected 
about 0.5 per cent less than the one of pure silver at 5 (x to to /*, A 
mirror of pure silver was therefore used as a standard of reference. It 
consisted of a thiclc (0.5 mm.) sheet of the pure metal soldered on a 
heavy plate of brass. 

The method of obsciwation consi.st'ed in [)laciiig the standard silver 
mirror and the comparison mirror upon the carrier before the spectro¬ 
meter slit, as in the preceding work, and obtaining the ratio of the 
deflections. This gives the reflecting power relative to silver, and is 
slightly higher than the absolute reflecting power, since silver is not a 
perfect reflector. The absolute reflecting pewer of the mct.als, given 
in Table I, were found by multiplying the relative values by the reflect¬ 
ing power of massive silver, given in the first column of the .same table. 

The reflecting power of Ni and Pt are quoted from Hagen and 
Rubens (loc. cit.) to show their close relations with Co, Pd, and Ir, 
respectively. The angle of incidence was about 25“, and was permis¬ 
sible, since it is well known that the reflecting power increases but 
slightly up to this angle. Of course, the assumption is tacitly made 



here that the change in reflecting power with angle of incidence is the 
same for all the metals examined, and, since we are finding a ratio, will, 
therefore, affect alike the numerator and denominator of the fraction. 
Any error thus introduced could be only a fraction of a per cent, which 
is as accurate as the variation in the polish of different samples of the 
same metal will permit. The low reflecting power of most of the 
metals examined in the region of I /x is due more to lack of polish and 
planeness of surface than to a possible transparent region such as 
obtains in silver, in the ultra-violet. Palladium is lower in reflecting 
power than platinum; and it is barely possible that it would have a 
slightly higher value if a better surface could be produced. The speci¬ 
men was made by soldering a o.i mm. sheet upon a heavy plate of brass. 

TabIv® I.—RicrnEcxiNG Power or Metaes. 
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Considerable difficulty was experienced in casting a homogeneous 
plate of cadmium. Success was finally attained by melting it in a thin 
copper mold. When cool the mold was torn off and the (i cm. thick) 
plate filed and ground plane. In fig. 82 it will be noticed that its 
reflecting power suddenly rises to a constant value beyond 5 n. 

The sheet of cobalt was about 0.5 mm. thick, and permitted consider¬ 
able filing and grinding. Plowcver, it was found impossible to prepare 
a surface that was free from pores. This probably explains its devia¬ 
tion in reflecting power from that of nickel, out to 10 /x, where it reflects 
more than nickel, as it should, since its electrical conductivity is higher. 
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Little can be said concerning tin. It was found impossible to give it 
a polish, although the melted surface on cooling was very bright. From 
its electrical conductivity it ought to have, a reflecting power of the 
order of nickel and platinum. 



Zinc is the most interc.sting of all the metals .studiuil. ft takes an 
unusually high polish whicli is quite permanent. Its color is ])ccuh‘ar. 
It seems to have a low reflecting power in the vi.sihle s])ectrum, which 
rises suddenly to a maximum beyond 4 fx., and in thi.s respect compares 
favorably with silver, which is the highest and most serviceable reflector 
known for the visible and the infra-red spectrum. The electrical con¬ 
ductivity, as well as the reflecting power, of zinc ancl of cadmium are 
close in agreement. 

The iridium mirror was obtained by polishing a sheet about 3 by 
2 by 0.1 cm. It was not free from scratches, but took a high polish, tt 
has a slightly higher reflecting power than platinum. Its electrical con- 



METAIvS. 


ductivity appears to be unknown, which is also true of the purity of the 
specimen examined. 

The metals, with the exception of aluminum, were obtained from 
Kahlbaum and from Heraeus. Pure cobalt is, of course, practically 
unobtainable, and the specimen examined probably contained from 1.5 
to 2 per cent nickel. 

Plagen and Rubens (loc. cit.) have computed the absorption of the 
metals from the electrical conductivity by means of the formula 

100—where R is the reflecting power, c is the reciprocal of 

the resistance of a conductor i m. long and i sq. mm. area, in ohms, 
and A “ wave-lengths in fx ~ 0.001 mm. They found a slight varia¬ 
tion ill the observed and computed values of 100 — Rj the maximum 
being about 0.5 per cent at 12 /x. It must be said, however, that if 
they had selected the wave-length x= 10.49 where in many cases 
the value of R is frequently the same as for 12 fx, the discrepancy 
would be larger, and of the same order as that observed in the present 
results. In the present work no attempt was made to attain the accu¬ 
racy of these two investigators, for the reason that the nature of the 
material would not permit it. The difference in the observed and com¬ 
puted values of 100 — R is given in the following table, using the values 
of the electrical conductivity as found by Jager and Diesselhorst.^ 


TAimii II. 


Metal. 1 

TOO- 

-A'. 


tlbservcd. j 

Computed. 

Cd. 

1.8 

2.87 

Co. 

34 

3.28 

Pel. 

.3.5 

3.48 

Zn. 

3.7 1 

2.59 

8n. 

13. 1 

3-55 

A 1 . 

2.7 ; 

1.89 


The agreement in the observed and computed values (excepting tin) 
is as close as one can expect from the nature of the metals examined. 

Rn:i'I.I$CTlNG POWliR OP SOLUTIONS. 

It is well known that in the visible and in the ultra-violet the position 
of the maximum of absorption of a solid is generally not affected when 

* Jager and Diesselhorst, quoted in Landolt and Bornstein, Tabellen. 











in the physical molecule that a change occurs in the absorption spec¬ 
trum. One would expect similar conditions in the infra-red. In 
Appendix IV of the first volume of this investigation a preliminary 
examination was made of the transmission of several solids in solution, 
and it was shown that the method is feasible for infra-red work. The 
present examination by reflection is only preliminary, and was under¬ 
taken primarily to learn whether possibly some of the sulphates, which 
in the solid state have a single sharp maximum at 9.1 /a, really have 
several bands, say at 8.6 and 9.6 /a, which for some unexplained reason 
are merged into one. (There seems to be no reason why the sulphates 



1 / 


Nurnjjt haator 

Fio. 83.—Arrangement nl apparatus for reflection from hoUiUouh. 

of Cd, Co, Ni, and Cu should have a single band, while those of Ba, Sr, 
and Mg should have several bands.) Of course one would hardly 
expect this to be the case, but preconceived ideas are often deceptive. 
The constantly recurring bands of the sulphates at 4.5 to 4.6 /a and 
9.05 to 9.2 /A reminds one of similar conditions in compouiuLs containing 
CHs groups. The adjustment of the ap]xiratus is shown in fig. 83. 
On account of the difficulty of adjusting the liquid to the level of the 
silver comparison surface no attempt was made to obtain the absolute 
reflecting power accurately. 

Sulphuric Acid (HaSO*). 

(Concentrated. Fig. 84.) 

This substance was not examined for various concentrations, as 
explained in Appendix 11 . 

The maxima occur at 8.6, 9.55, 10.42, and 11.35 'The fact that the 
8.6 /A and 9.52 /a band of HgSO* occurs in the hydrous and anhydrous 

*Stenger: Ann. der Phys. (3), 33, p. 578, 1888. 



SOLUTIONS. 


sulphates examined shows that they are not present exclusively in those 
sulphates containing water of crystallization. In other words, they are 
due to the SO4 radical, and not due to hydrous sulphates, as might be 
inferred from the study of sulphuric acid. Concentrated sulphuric acid 



contains SOg, and it is interesting to note that the 10.4 fi band, which 
in a previous examination of gases was found in SO2, is one of the 
strongest here, and, as will be noticed in Appendix II, disappears on 
diluting the acid. 

Cadmium Sui,phatu (CdSO*). 

(Saturated, and dilute K HaO solutions. Fig. 85,) 

The reflecting power is, of 
course, much lower for solu¬ 
tions. Curve b shows that the 
reflection band is asymmetri¬ 
cal. The maximum occurs at 
9.2 fx. The absori)tion band at 
<\..6 fx is harmonic with this one. 

This reflection l)and was found 
by Pfund^ for the solid crystal 
at 9.1/I —more nearly 9.15 iu., 
as read on the published curve. 

Water has no reflection bands 

Nicked Sudphate (NiSOi+7HaO). 

In fig. 86 are given the curves (a) for a saturated solution of NiSO*, 
and {b) for a solution diluted to about one-half, while curve c is for a 
large, solid crystal which was not highly polished. The curves for the 

Pfund: Paper presented at the meeting of the Amer. Phys. Soc., April 20-22, 
1906. 



in this region. 




The reflection band of the solid crystal does not agree with the one 
found by Pfiind at 9.05 /x, which is the mean value of the present curve. 
In the present curve the maximum is evidently complex. Neither does 
the maximum of the solid and that of the sohttion agree, which is prob¬ 
ably to be expected. In fact, the study of solutions was undertaken to 
test this very point. 

Copper Suephate (CuSOi+sHsO). 

In fig. 87, curve a is for a saturated solution of copper sulphate in 
which the maximum of reflection is very sharp at 9.15 /x. For a solid 
crystal of this material the maximum (curve c) coincides with that of the 
solution. The reflection band found 
by Porter at 2.3 /x really occurs at 3.3 /x. 

The former value is due to an error in 
computation. 

Zinc Suephate (ZnSO*-f 7 HjO) . 4-0 

The reflecting power is somewhat 
higher than in the ]')recc(ling com- c jz 
pound. The maximum (curve D, fig. ^ 

87) occurs at 9.2 /x for a saturated ^ 3^ 
solution of this compound. 

Sodium Sulphate (NaSO^+ioI-hO). /e 

The selective reflection of a satu¬ 
rated solution of this compound is a 
shown in curve a, fig. 88. The maxi¬ 
mum occurs at 9.2 /x, while Pfund 
fouiKl it at 9.02^, usinpr tlic s.u-face of 
a ma.s.s of crystals. sulphate. 

Mercury (Hg). 

Several observations were made on the reflecting power of mercury, 
but the present arrangement was not well adapted to determine the 
absolute reflecting power, and no thorough examination was made. 
The. chief difficulty is in having the two surfaces at the same level. 
Values of reflecting power as high as 85 per cent (purity not known) 
were observed, while the computed value is 90 per cent at 12 jix. 

Farth tremcM’s had but little effect on the surface; while, if pure dust- 
free mercury he used, this is the best substance available to compare the 
elTect of the polish upon the reflecting power in the region of short 
wave-lengths. In fact, the determination of the absolute reflecting 
power throughout the spectrum would be an interesting study by itself. 




Curve b, fig. 88, is for a saturated solution of this compound. There 
appear to be two maxima—a small one at 9.1 /x, and a much larger one 
at 9.4 /A—which disagrees with Pfund, who found a maximum at 8.85 
for the reflection from the plane surface of a mass of these crystals. 

The results, as a whole, show that the single narrow reflection bands 
of several of the sulphates at 9 /a is complex, and is shifted toward the 
long wave-lengths when dissolved in water, while in others this band 
remains single, and is not shifted in solution. The refleclion of most of 
the solids was found by Pfund (loc. cit.). In some cases we agree in 
the location of the maxima, while in other cases (solids vs. solutions) 
we do not agree. This is not, in any inherent errors, in adjustment of 
the present instrument, for at the conclusion of the work the quartz 
band at 9.05 fx was found at its proper ])lace, as shown in fig. 86. 
Neither is it due to errors in Pfund’s apparatus (although his dispersion 
was not so great), for we agree in the position of the maxima of quartz, 
glass, Iceland spar, potassium nitrate, copper sulphate, and sulphuric 
acid. The solutions were examined on the same day and in the follow¬ 
ing order: PI2SO4 and the sulphates of Cd, Ni, Cu, Zn, K, Na. The 
disagreement is in Ni, Zn, K, Na, which means that the instrument 
could not have gotten out of adjustment during the examination. 

The conclusion to be drawn is that several of these sulphates, viz, 
Ni, K, Na, and possibly Cd, are dissociated, or that the intra-inolecnlar 
condition of the molecule (the “bonding”) has become similar to that 
of H2SO4. Possibly hydrates have been formerl. But what may we say 
of the sulphates of Ba, Sr, and ^^g, which in their solid (anhydrous) 
condition have several bands, some of which lie close to those of IT^SC? 

The more logical way of attacking this problem would have 1 )i‘(mi to 
examine’- the solid crystals at the same time as the solutif)ns; but life 
is too short for one man to do all this, and the aforesaid line of reason¬ 
ing excludes the possibility of the disagreement being due to insfrm 
mental errors, which would have to amount to from 4 to 6 min. of arc 
to account for the shifting of some of the maxima. In Cu and Cd the 
shift, if any, is very slight, although the Cd band is evidently complex. 

In the sulphates of Ni, K, and Na a definite shift has been noted, and 
is similar to the effect observed in solutions of iodine in CS., and in 
CaHsOPI in the visible spectrum. No doubt a solvent may exist, in 
which the 9.1 /a band of CuSO.t is also complex. 

’ Since writing this the author has examined the sulphates of Ni and Cu in the 
solid state and in solution. The maximum of solid CuSO< and of the solution in 
water occurs at g.12 fx, while in NiSO* the complex band of the solid at 8.9 to 
9. IS fx is shifted to 9.2 to 9.5 jx in solution. 


GENliRAI, RESU 1 .TS. 


SUMMARY. 

The transmission and reflection spectra of at least 125 elements and 
compounds have been examined, many of them to 15 ^u,, by means of a 
mirror spectrometer, a rock-salt prism, and a Nichols radiometer. The 
aim of the investigation was the study of a series of minerals containing 
oxygen and hydrogen in the form of what is known as water of consti¬ 
tution and water of crystallization. The interpretation of the results 
are based upon the assumption that if the union of the oxygen and the 
hydrogen in the molecules is similar to that of water, then the absorp¬ 
tion spectra of minerals, containing these two elements thus united, 
should show the absorption bands of water superpo.sed upon the absorp¬ 
tion spectrum of the other constituents. 

On the other hand, minerals containing oxygen and hydrogen as 
water of constitution should not show the water bands, except hydrox¬ 
yls, which should show a band at 3 fi. 

The results show that of some 30 minerals containing “water of 
crystallization” there are no important exceptions to the rule that they 
should show the bands of water. On the other hand, the one important 
exception to the rule that minerals containing “water of constitution” 
should not show water hands is cane sugar. Minerals containing 
hydroxyl groups generally have a marked band at 3 /a. Sulphates have 
a strong band at 4.55 /x, and a less constantly recurring band at 9.1 jx, 
due to the SO^ ion. On the other hand, the silicates do not have such 
definite bands, which would seem to indicate that the union of the 
silicate radical is difTcrent in each mineral containing that clement. Tn 
Table TTT arc given a list of groups of atoms which have characteristic 
absorption bands. 

TAnui ITT. 


Comp()Uiul« Imving the 
following Kraups. 

Sliow characteristic nhsorptlon hands nt: 

CITj or CHs. 

3.43 6.86 13.6-13.8 and 14/X 

2.96 6.1 to 6 15 /X 

3.25 /i 6.75 8.68 9.8 II. 8 12.95 

7.47 9.08? 

3-0 !>■ 

4.55 9 - 1 /i 

Nir^.". 

CfiTIfl. 

NO3. 

OH. 

NCS. 

SO4. 



The examination includes minerals of which the chemical constitu¬ 
tion is in doubt; for example, talc and serpentine. The former is not 
supposed to contain hydroxyl groups, while in the latter such groups 
are inferred. The present research supports these views in that the. 
transmission curve of talc does not contain an absorption band at 3 /x; 










INli'RA-RlCD REjI-Xr^C'riON SI’KCTRA, 


while serpentine contains a large band at 3 /x, which is in common with 
substances containing hydroxyl grou]:)S. 

The reflecting power of the metals Zn, Co, Al, Cd, Ptl, and Tr is high, 
and the observed values at 12 /x arc in close agreement with those com¬ 
puted from their electrical conductivity, ft is a remarkable fact that 
tlie region of the first occurrence of selective rcfloction of the majority 
of substances examined (other than silicates) lies between the wave¬ 
lengths 8 to 10/X. This is probably to be e.xpccted. Drude’ has shown 
that the infra-red free vibrations (Eigcnschwingungcn) depend upon 
the ponderable mass of the molecule, and, from this, that one can obtain 
some idea of the molecular weight of the substance. 

The study of the reflecting power of solids in solution is not suffi¬ 
ciently extended to draw general conclusions, but the data shows that 
the method is feasible—that tlie rcnccting power i.s [)rop{)rtional to the 
concentration—and that the maxima may or may not agree with those 
of the substance in the solid state, depending probably upon the solvent, 
just as is true of the visible spectrum. A notable examine is iodine, in 
eSg and in CaHnOIT. The experiment also shows that a single band 
of a mineral in a solid state may appear as several bands when in solu¬ 
tion. This is an interesting field that deserves further investigation. 
The difficulties involved are not greater than for absorption siiectra, 
while the intensity of the energy is still quite large in this region of the 
spectrum. In the visible spectrum it is known that dilTcrent maxima 
appear, depending upon the solvent and upon the addition of acids to 
the solvent. But the visible spectrum is so narrow in conii)arison with 
the absorption bands that the infra-red is far better adapted to the study 
of this phase of the problem. 

As mentioned in the text, the chief difficulty in this research was in 
obtaining minerals suitable to illustrate the questions involved. This 
has placed the writer under deep obligations to the late Prof. S. L. 
Penfield, of Yale University, who donated a number of rare minerals not 
obtainable from dealers, and to the officials of the II. S, National 
Museum, who also supplied a large number of specimen.^. The Director 
of the Bureau of Standards generously supplied ai)paratus and material 
I am also under obligations to Dr. J. C. Blake, wliose advice on the 
mineralogical side of this question was frequently sought. 

Washington, D. C., Jwie 20, iqo 6 . 


'Dnide: “Optische Eigenschafteu und 
pp. 677 and 936, 1904. 


Elektronentheorie,” Ann. d. Phy.s., 14, 



Anhydrite, 








I 08 MAXIMA OF INFRxV-RED BANDS. 

Tabi,k V.—Maxima of Infra-rkd Absorpwon and Reflection Band.s— 

Continued. 



Snlpharic add. 











Tabi,e V.— Maxima oe Infra-red Absorption and Reflection Bands— 
Continued. 









APPENDIX I. 

TI-1 It TEMPERATURE OF TI-TE MOON. 

1 . 

From his Mount Whitney observations’ J^anjifley concluded that the 
soil of an airless planet at the moon’s distance from the sun would have 
a temperature not greatly above —225° C. II is later observations on 
the radiation (reflection) from the moon led him to conclude that the 
temperature of the sunward surface of the moon is about 0° C. This 
inference, he mentions, is contradictory to the one drawn from the 
Mount Whitney observations, which in themselves he considered exact. 
“The most reliable spectrum comparisons with a blackened screen show 
an average effective temperature of T'45^ 

moon,”’- He could detect no radiation from the dark moon, h'or the 
bright moon, his spectrum radiation curves rise from a zero value at 
6 to 7 ju. to a maximum at 8.6 fi, with a smaller maximum at 10 /x. 
There are absorption bands, due to atmospheric water, at 6 /x, and 9.6 fx. 

He found also direct radiation from the sun in this region, but does 
not consider it in arguing for a direct radiation from the moon. He 
considered that the part of radiation from the moon, which was trans¬ 
mitted by glass, is reflected energy from the sun, whereas the i)art 
absorbed by glass is radiation from the moon. The same assumi)tion 
was also made by Eord Rossc, but it is untenable if we admit a selective 
reflection of the moon. To the writer the line of reasoning seems false, 
in the light of our present knowledge of infra-red radiation, and a better 
criterion for judging whether or not the surface of the moon becomes 
appreciably warmer under the rays of the sun would seem to be to 
reexamine the rapidity of the fall and rise in intensity of the radiation 
from the moon during an eclipse. Tvanglcy (loc. cit.) made observa¬ 
tions on the ccli])se of vSeptember 23, 1885, which indicate a siuMen and 
very rapid falling off in the heat as the eclipse commenced, with some 
indications of a rise nearly as rapid after its conclusion. Tn fig. 8t} are 
plotted his observed galvanometer deflections during the i)rogress of the 
eclipse. The ordinates arc galvanometer deflections; the abscissa* an; 
the predicted times in hours to mid-eclipse, fi'he three curves arc for 
the center, the cast, and the we.st limbs of the moon. The observations 
were interrupted by the ra])id formation of clouds just at the predicted 
time for the moon to leave the umbra, fi'he eye observatitms showed 

^ Mem. Nat. Acad. Sci., 4, p. 197, 1887. 
no 
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an anomalous distribution of light, which was thought to be due to 
variations in the terrestrial atmosphere at different points along the 
great circle at which the solar rays touched the surface. However, the 
results as a whole show a sudden change in the radiation (reflection) 
from the moon, with change in illumination. The penumbra began to 
affect the center of the moon at 44™. The predicted time for the 
moon to enter the penumbra was -4-2'' 48™. In other words, in the short 



Vuj, Sq.—AbHciHMi** lime in lioure to mi cl-cc 
orcHnnUs {jalvnnoineter deflections. 


time of about 1.5 hours, in 
passing from the penumbra 
into the umbra, the radiation 
from the west limb has fallen 
from a maximum to a mini¬ 
mum value. Without actually 
computing^ this fall in radia¬ 
tion, which is so sudden as to 
indicate a small conductivity 
and a very superficial cooling, 
one would think that at the 
beginning of totality the radia¬ 
tion would still he detectable. 

The question of the gain (or 
loss) of heat on the surface of 
an isolated body like the moon 
docs not lend itself readily to 
a coherent line of reasoning, 
becau.se of the fact that we 
know so little about the phe¬ 
nomena connected with it. A 
thin surface, like a radiometer 
vane, placed in a vacuum and 
subjected to radiation,acquires 
a maximum temperature in a 
very short time. The same is 
not true of the earth and its 


atmosphere, isolated in space. It is difficult to say what one ought to 
expect of the moon, but from ordinary experiences one would anticipate 


an a])preciable lapse of time for the .surface to acquire an extreme 
change in temperature, after subjecting it to the sun’s heat. 

At great elevations on the earth, where the atmosphere is rare, we 
know that the .soil grows colder, although the direct rays become hotter 
with rise in height, and one would infer that similar conditions obtain 


over the wlu le unar surface. 




meriting on this statement Langley (loc. cit.) reminds the reader that 
the region of the moon, which has received at first quarter the solar 
rays for rather more than four days, after being subjected to the most 
intense cold during the moon’s long night, has been but very little 
warmed in comparison with the surface illuminated at last quarter, 
which has been heated during a mean duration of eleven days, so that at 
the last quarter the heat of the moon is certainly not less than at the full. 

During the eclipse of October 4, 1884, Boeddicker^ showed that the 
moon parts with its acquired heat very rapidly, and “it is hard to admit 
that this heat from the lunar surface, which the moon has been absorb¬ 
ing during many days of continuous sunshine, is parted with at once, 
the whole earthward surface of the planet cooling almost instanta¬ 
neously.”® 

Lrom alternate exposures on bright and dark spots Langley found 
that the radiation from the bright region around Tycho exceeded that 
from the dark surface of the Mare Imbrium by 31 per cent, and as a 
whole found that the bright parts of the moon radiate about 14 per cent 
more than the dark parts. This is evidently due to a larger reflection 
of sunlight. “If the same holds good for the invisible solar rays, it is 
certain that less of the sun’s heat is absorbed by the bright parts, and 
hence there is a possibility that the temperature and proper radiation 
of the light regions are less than those of dark areas, though this would 
not necessarily follow, since many other factors must be included.”® 

II. 

The writer has examined the infra-red reflecting power of a series of 
minerals, including quartz, feldspars, amphiboles, and micas, which are 
the chief constituents of the rocks of the earth’s crust, and has found a 
uniformly decreasing reflecting power of 3 to 5 per cent at 4 /a to 0.3 per 
cent at 7 [a, followed by bands of selective reflection from 8.5 to 10 ft. 
In this latter region the mean reflecting power is from 40 to 50 per cent 
for silicates, while pure quartz has a reflecting power of 90 per cent. 
The reflection curves are given in fig. 90 in a condensed form. In the 
lower part of the figure several of Langley’s lunar radiation (reflection) 
curves are given, in which the ordinates are in arbitrary units. Of 
course, the absolute reflecting power of the moon is unknown. Zollner 
has shown that, owing to the irregularities of its surface, the full moon 

^Harrison: British Assoc. Report, 1866, II, p. 20. 

* Boeddicker: Nature, 30, p. 589, 1884. 

“Langley: Mem. Nat. Acad. Sci., 3, p. 17, 1884. 
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does not reflect as a smooth sphere would do, but very nearly as a flat 
disk of like reflecting power and filling the same angle. Such a disk, 
if it diffused all the solar energy which falls on it, would send to us 
•gT 8 ~ o tf of what the sun does, provided it reflected perfectly in all direc¬ 
tions the total incident solar energy. The moon, however, is not such 
a reflector, and in the visible spectrum the solar light is about 500,000 
times moonlight. On this scale the curves of the moon given in fig. 90 
would not be visible. The depression in the lunar curves at 9.6 /a is 



due to an atmospheric water band. The region from 5 to 7 /a likewise 
contains water bands. One can readily see from these curves that a 
reflecting surface composed of rocks like granite, basalt, diorite, etc., 
which are mixtures of feldspar, hornblende, and mica, would give a 
curve similar to that of the moon. 

The general assumption is that the crust of the earth and of the moon 
have the same constitution, viz, a series of silicates. It follows from 
the present research that the earth and the moon may be considered 

8--C 



3 to 5 pet" cent of the radiation from the sun will be reflected from the 
moon, under the best surface conditions, while in the region from 8 to 
10 ju, the reflecting power will rise to 50, or even 90 per cent. Under the 
worst conditions the balance will still be in favor of the region of 
8 to 10 jx. 

The occurrence of the maxima of the reflection curves and Langley’s 
observed emission curve of the moon (that part which is transmitted in 
the transparent region of the earth’s atmosphere between 7 and 10 /x) 
in this region of the spectrum may, of course, be nothing more than a 
mere coincidence, and the author calls attention to it merely as an inter¬ 
esting side issue to the main research. The reflecting power of the 
moon for visible ra)'s is onlv-ffooVoT fnll sunlight. .'Vssuming that at 9 /x 
the reflecting power is, on an average, 20 times this, the value becomes 
or 0.00004 ])er cent. Assuming the temiieraturc’ of the moon to 
be 300° abs., we can get some, idea of its emissive power at 9/x, as com¬ 
pared with the sun at a temperature® of 5500°. 

From Planck’s formula® for the distribution of energy in the spec¬ 
trum of a “black body” (which, of course, the moon is not) 



we can obtain a ratio of the intensities for the two temperatures 
Ti== 30O° abs. and 7 ', ==5500° from the formula 

(y7^a-«-^7ii_^ ^ 

where C2 = 14,500, using x (max.)=9/x. 

This ratio is 0.0016. But the moon, not being a black body, will have 
a smaller emissivity. 

If its surface were of iron oxide*‘ its emissivity would be only 0.3 
that of a black body at 300°, and, judging from the rapid decadence of 
the radiation curve (which may indicate a low conducting material) 
during an eclipse (fig. 89), its emissive power may be even less than 

‘Very: Astrophys. Jour., 8, 190. 189^; al.‘;o r,angley, loc. cit.; Poynting: Jahrb. 
der Radivaktivitiit und Elektronik, 2, 42, 1905. 

* Warburg: Verb. Deutsch. Phys. Gcs., T, 2, p. 50, 1899; Day and Van Ostrand: 
Astrophys. Jour., 19, p. 1 , 1904. 

' Planck: Vchr. d. Deutsch. Phys. Ges., 2, p. 202, 1900; Ber. d. k. Akad. d. Wiss., 
Berlin, p. 544, igor. 

‘ Kayser: Spectroscopy, vol. n, p. 80. 
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this, say o.i. The ratio of the emissive power of the moon to that of 
the sun will then be 0.00016, which is four times (0.0001 6-r-o.oooo4) 
the reflected energy of the sun from the moon. On this assumption, 
the moon at 0° C. would radiate twice as much as it would reflect from 
the sun. 

This shows that unless there is something radically wrong in the 
assumptions made, the above coincidence is fortuitous. This, however, 
does not settle the question, for Langley observed also direct radiation 
from the sun in this region, and from existing data of the radiation 
from the moon wc do not know how much of it is selectively reflected 
energy from the sun. Computations which require all sorts of assump¬ 
tions will not settle the (question; but a bolometric comparison of the 
spectrum energy curves of the sun and of the moon, made at high alti¬ 
tudes, will be of the greatest service in clearing up this matter. 

Since writing this appendix I have computed the fall of temperature of the 
lunar .surface, neglecting the conductivity from the interior (which simplified the 
computation) and find that for an eniis.sivily of 0.3 of a “black body” (iron oxide) 
the temperature would fall from 300“ to 273° abs. iu 1.2 hours, while for an 
emi.ssivity of o.r, ihe lime would be over 3 hour.s. lly allowing for conductivity 
these periods would he con.siderably increased, .so that unless the moon’s emissiv- 
ity is considerably higher, the cooling curve will not be coincident with the eclipse 
curve in lig. 89. Assuming that the sky doe.s not radiate to the bolometer, then 
the latter would give ?.cro, and finally negative dcfleclions as the temperature falls. 
Langley does not mention negative deflections from the moon. He records 
negative deflections for his sky-screen curves. 



APPENDIX 11 . 

ADDITIONAL DATA. 

As this work goes to press the experiments on selective reflection by 
Pfimd^ has appeared, and since it contains considerable new data it is 
added for the sake of completeness. In fact, sulphuric acid was not 
thoroughly examined by the writer when he learned that another was 
working in the same field, although the examination of the sulphates 
demanded it. The sulphates given in the appended table furnish addi¬ 
tional evidence of the presence of bands due to the SO.i ion. Eurther- 
more, the nitrates have a band at 7.45 /a which the writer found in 
several nitro derivatives^ of benzine. Tic was uncertain, however, 
whether it was caused by the NO^ group or “ion.” In the same man¬ 
ner, the 7.4 ju, and 9 fx reflection bands of nitroso dimethyl aniline coincide 
with the bands found by transmission at 7.4 and 8.9 /a. The transmission 
curve is very low, and probably most of the bands observed are really 
due to selective reflection. Again, glycerin has a reflection band at 9.7 fx, 
which is one of the characteristic bands of the alcohols as found by 
transmission. No doubt the large absorption bands found by the writer 
in ethyl succinate from 7 to 8/x, in cyanine at 6.6 and 13.2 /a, and in 
methyl salicylate at 7 to 9 /a, arc really due to selective reflection, but 
this material was not at hand when the present reflection work was 
done. In fact, it is what one would expect to find fim such large bands, 
although there are no data to indicate the necessary size of the extinc¬ 
tion coefficient to cause selective reflection. TIis interesting experiments 
showing that a substance in a liquid and in a solid state has the same 
absorption (reflection) maxima is further proof of what the writer 
found for the absorption bands of several carbohydrates, such as thymol, 
paraffin, stearic acid, phenol, and menthol at 3 /a, and is, of course, to be 
expected so long as the “physical molecule” is unchanged, as announced 
long ago by Stenger. Of more importance are his experitnents with 
sulphuric acid, in which several bands disappear on dilution, which 
may help clear up a similar case observed by Kriiss in the visible spec¬ 
trum. His reflection curves for fuming sulphuric acid show maxima at 
7.25, 8.6, and 10.35 /a, while the writer found absorption maxima at 7.4, 
8.7, and 10.37/A for sulphur dioxide (SO2). This is an extraordinary 
coincidence which, it is true, is apparently not very close for the first 

‘ Pfund: Astrophys. Jour., 24, p. 19, 1906. 

’ Investigatiou.s of Infra-Red Spectra, vol. i, p, 86. 
n6 



ADDITIONAL DATA. 


two maxima. But, when one considers that the bands are wide and 
completely opaque as found by transmission, while they are very weak 
as found by reflection (maxima only 7 and 12 per cent), and that they 
were made by different observers with different instruments, it is not 
straining- matters to consider them to be due to the same ion. For 
KNOg, Pfund found the maximum at 7.05 /a (on the published curve it 
appears to be 7.1 //.), while the writer found the same band at 7.14/*, so 
that the discrepancy noted above is more likely to be due to a difference 
ill our calibration curves. Then, too, the maxima found by reflection 
and by transmission should differ with the latter lying toward the 
shorter wave-lengths. Whether a gas can have selective reflection will 
depend mostly upon its extinction coefflciciit. To examine its reflecting 
power in its liquid state will be almost impossible because of the dense 
vapor above its surface. 

Tablk XV. 


ReflecUon maxima. 


NnK tartrate, KNaCHlI.,0„-4- 4 II./'). 

Magiiesiuin iiilraU', t 6n._,0. 

Cobalt tiitrale, Co( NOa . 

Aininoniuin nitrate, NII^NOa. 

Calcium nitrate, Ca(NOa).j-}- 4 HaO. 

Silver uitraie, AgNOg... 

Potassium nitrate, KNO.,. 

Nickel sulphate, NiS()^+ 7 FraO. 

Cobalt sulphate, C*)St),F 7 lI.jO. 

Copper sulphate, CuS( )*d- 5 11.^0. 

Cadmium sulphate, C<KSO^-f- 4 lIjO. 

Perric sul]diate, l''e.j(So.ds4-9lIa<^. 

Sodium, NajSO^ f-iuII.jO... 

Polassium, K-jBC)*. 

Ftuuiug suli)huric acid and water, 

Nitric acid, HNO,,... 

rdyceriu. CgllgOg. 

Na silicate, NiqSjO,,... 

Nitrosodimcthyl-aniline, (CIIalaNCgll^NO. 


I 635/^ 7.2,5 


■ 7 45 


1 7.45 


7 45 


7-45 


7.45 


7 05 


9 -05 


9-‘\5 


9-15 


9.10 


9-^'5 


9.02 


8.83 


i 7 -25 

8 6 

IH.6 

9 6 

7.«5 

l <‘-55 

4.80 

9 -70 

9‘95 


7.4 

9.0 


9 - 05 /^ 


10.35 

ix -35 


It is generally emiceded that when a gas is dissolved in a liquid, part 
of the gas goes into solulion, part will be actually liquefied, while part 
may enter into ehemieal combination with the liquid. Since change of 
state does not affect the ab.sorption (reflection) bands, it would appear 
feasible to examine the reflecting power of gases by this method. How¬ 
ever, the (lucstion of the solubility of gases in different liquids is also 
a quite unexpltu-ed fieUl, so that the investigator would first have to 
.search for proper solvents. 



















APPENDIX III. 


EMISSION spectrum OE BURNING CARBON DISULPHIDE AND 
CORRECTIONS TO THE WORK OF JULIUS.^ 

It is becoming more and more a recognized fact that the infra-red 
spectrum is the seat of great disturbances which can be attributed to 
well-known groups of chemical atoms or “ions.'’ The pioneers in this 
field of investigation were Angstrom and Julius. Their interest in the 
subject dates back to the time when rock salt first became recognized as 
a means for producing the heat spectrum. The dispersion of rock salt 
was tlien undetermined beyond 5 (x, and in order to express their emis¬ 
sion and absorption bands in wave-lengths they adopted a tentative 
method of extrapolation, which, since then, has been found to be erro¬ 
neous. In the meantime, data on infra-red spectra have continued to 
accumulate, which are often in violent disagreement, h'or example, 
CS2 is variously quoted as having an absorption hand at 6.7 to 8.4 ju., 
while the true value is about 6.8 /a. 

During the past few years the writer has attempted to determine the 
values of the maxima of absorption and emission as accurately as pos¬ 
sible in absolute value of wave-lengths, and thus bring a little harmony 
out of this chaos. This means repeating part of the work of others in 
order to get a check upon the extrapolation. One of the mo.st interest¬ 
ing pieces of work of this type is that of Julius, who found the emission 
spectrum of gases during combustion. It contains a very considerable 
amount of careful work, certain parts of which appear to have gone 
quite unnoticed by later investigators. It is of no little interest, for it 
contains evidence of emission bands farther in the infra-red than subse¬ 
quent work, along other lines, has been able to show. These bands 
belong to the acid elements and appear at low temperatures, /. i\, they 
do not appear in spark (and arc ?) spectra. This is just the opposite 
of what the writer found for the basic elements (metals) in which no 
emission bands were found beyond 2 /a. Perhaps this may eventually 
give us some clue to the mechanism of radiation. Wc have two sharj) 
distinctions between the acid and the basic elements. The metals have 
selective absorption in the short wave-lengths, arc opafpie to infra-red 
rays, and no emission lines have been found beyond 2 ju,. In fact, accord¬ 
ing to Pfliiger’s work, the maximum of the emitted energy lies in the 
short wave-lengths beyond the visible spectrum. On the other hand, the 
acid elements have selective ah.sorption bands throughout tlie sjiectrum 
and have emission lines extending far into the infra-red, which gen¬ 
erally coincide with the marked absorption bands. The (picstion f)f the 

Licht- nnd Wilrmestrahlung Verbrannter Case., Berlin, iHgo. 



EMISSION spectrum OE BURNING CARBON DISUEPHIDE- 


coincidence of the emission and absorption bands led the writer to 
undertake the present work. 

A previous examination of the absorption spectra of gases showed 
very marked bands in SO2 which were in quite close coincidence with 
the emission lines of the products of combustion of carbon disulphid, 
as given by Julius. The absorption spectrum^ of CSg has a very large 
absorption band at 6.8 ju, (opacity from 6.6 to 7.0 ju) and smaller bands 



at 4.6 and 11.65 ft, while SOg has a very large band at 8.7 /x, a somewhat 
narrower batul at 7.4/i. and several small bands ; I-LS has a series of small 
bands which can hardly be consitlered in the question of the combu.stion 
products of CSg. In fig. yi i.s given the emission curve of burning CSg. 
In curve a the maximum at 4.35 is reduced to one-half the scale of 
the re.st of (he curve. In curve b the bands at 6.75 and 7.45 ix have been 
niagnifictl 10 time.s to bring out the sharpness of the maxima. In the 

‘ See Inve.sligations of Infra-Red Spectra, vol. L 






long, to prevent heating the CSg and thus avoid an explosion. Julius 
(loc. cit.) examined the upper and the central parts of a CS, dame and 
found that for the central region the maximum at 6.75 fx is more intense 
than the one at 7.45 fx, while for the upper region the 7.45 fx band is the 
more intense. This is to be expected, for the 6.75 fx band is evidently 
due to hot CSg. In the lower part of the flame the combustion is incom¬ 
plete and hence the hot vapor ought to be more intense than nearer the 
top. In the present examination the lower part of the flame was used, 
and the ratio of the intensities of these two bands is still greater than 
that found by Julius; here the ratio is 34 to 73, while Julius found a 
ratio of 16 to 22 for the central part of the flame and a ratio of t t to 8 
for the top. 

The band at 7.4 ix is in common with the absorption band of SC'lo and 
since Julius found this band also in burning sulphur, it no doubt belongs 
to this gas. Then the interesting question arises, “Wliy is there no 
emission band at 8.7 /a?” The question must be left unanswered. It 
is interesting to notice, however, that the 8.7 /a l)and is found in TI„S( ).,, 
and in sulphates, and appears to belong to the ion, while another 
band found in SOg gas at 10,37/1 occurs in fuming 11 . 80 ^ and has been 
attributed to SO^ by Pfund (loc. cit.). 

The bands at 2.7 and 4.35 /i arc in common with the emission bands 
of CO2 and arc no doubt due to the combustion of the lamp-wick. 
This is one of the few examples of the emission of a heated gas during 
the process of combustion. Water va])or and CO., are other examples 
studied by Rubens and Aschikinass, but in the cnii.ssion of a flame 
these are products of combustion. Kayscr in his Spcctrnscoi)y very 
aptly remarks that the emission band of methane (Cfl^) at 3.3/1 has 
never been observed in a flame. J'his is a very weak absorption band,® 
however, and might not api)ear, just as was found for the 4,6/1 band 
of CSg. The 6.75 /I band, which cennddes with that of CSg, was 
ascribed to COS by Julius, who rccortls its maximum in wave-lengths 
at 8.48/A. The 7.45 /i band of SOg was thought to be at lo.oi /i. The 
emission spectra of HgO and COg have been redetermined by other.s 
and need not be mentioned here. It will be sufficient to add that for 
CO2 the maximum of emission depciifls upon the temperature. Whether 
the SO2 band at 7.45 /t shifts with change in temperature has not yet 
been determined. The only other cmis.sion band that needs correction 
is that of HCl at 3.68 /t. A more probable value is 4.05 /i, which is close 
to the HCl band, found by Angstrom and Palmer^ at 3.41/t (cor¬ 
rected = 3.98). 

^Angstrom and Palmer: Ofversight Kongl. Vet. Akad., No. 6, p, 389, 1893. 



APPENDIX IV. 

A VACUUM RADIOMICROMETER. 

Radiometers having vanes -weighing less than lo mg. are easily 
affected by earth tremors, so that for general work it is not advisable 
to reduce the weight much below this amount. Of course, such a mov¬ 
ing system is not very sensitive for a short period. For such a vane, 
with a fiber suspension of such a diameter that the maximum dcficclion 
is reached in 15 to 20 seconds, the sensitiveness is not much greater 
than 9 to 12 cm. deflection per square millimeter surface exposed—the 
candle and scale each being at a meter’s distance. Plowcver, a radio¬ 
meter of such a sensitiveness always gives reliable readings and is to 
be preferred to a more sensitive instrument which gives larger deflec¬ 
tions, but which on account of the lightness of the vanes is affected by 
earth tremors, temperature changes, etc. 

On the other hand, in the radiomicronictcr of Poys, the period i.s 
governed by the magnetic moment of the moving parts, rather than by 
the torsion of the fiber suspension, and in nearly all instruments, thus 
far described, is much shorter than that of the type of radiometer just 
mentioned. This instrument has received but scant attention since it 
was first described by Boys, who had a sensitiveness of only about 
I cm. per square millimeter (candle and scale at i m.) for a suspension 
weighing 32 mg. and a period of 10 seconds. Tie used a window to 
prevent air currents. Paschen^ attempted to improve the instrument, 
but -for the best junctions (out of some 50) he could obtain only about 
three times the sensitiveness of Boys, for a period of about 40 .seconds. 
He then turned his attention to the bolometer, with hi.s well-known 
success. 

The bolometer, however, with a delicate galvanometer requires an 
elaborate installation, and needs so much attention that the investiga¬ 
tor’s time is occupied principally with the care of the instrument, which 
should be a secondary matter in any work. 

A great many radiometric investigations do not require the highest 
attainable sensitiveness (r. g., the author's present work), and in such 
cases a convenient accessory to a laboratory is a radiometer or a radio- 
micrometer. The thermopile, of course, also has its place, but here heat 
conduction, local e. m f.’s, etc., must he contended with. 

*Pa.schen: Ann. der Phys. (3), 48, p. 27S, 1893. 



VACUUM RADIOMICROM15T15R. 


The present study of the radioinicrometer was undertaken in con¬ 
nection with the question of the feasibility of combining it with the 
radiometer, thus developing more energy in the suspended system. 
The chief difficulty encountered in this combination is to obtain systems 
which are free from magnetic material. The diamagnetism also plays 
an important part in this form of thermo-junction, so that the radio¬ 
meter effect is almost obliterated by the magnetic clTcct of the coil. 

In the radiomicrometer proper the lli-Sb junction hangs vertically 
at the axis of the system and hence is not so seriously affected by its 
diamagnetism, and if the magnet is not too strong a fairly scn.sitivc 
instrument is obtainable. Since a window improves its steadiness, the 
whole might as well be in a vacuum, which will eliminate heat conduc¬ 
tion, as is well known for thermopiles, l^y .so doing the sensitiveness 
of a certain .system, to be de.scril)cd presently, was increased by at 
least 70 per cent. By using No. 40 copper wire ami bits of Hi and Sb, 
soldered with Wood’s alloy, it is possible t(D reduce the weight to 10 mg,, 
which, as already mentioned, is a convenient weight for radiometers. 
The period of such a .system will be much less than that of the radi¬ 
ometer of similar weight and time required for maximum dencction. 

Before describing the present instrument it will not be out of place 
to mention some facts concerning tests of .sensilivenc.ss of instruments. 
In previously described instruments no mention is made of the shield¬ 
ing of the thermo-junctions from radiation other than that which falls 
directly upon the vane, so that the te.st of sen.sitiveness is not neces¬ 
sarily a fair one, since vcnection from the walls has an enormous effect 
in increasing the sensitiveness. In fact the indicated scn.sitivenes.s may 
be twice the true value. 

In the present instrument (fig. 92), which is a design (similar to 
that of Boys) for a radiometer, radiomicrometer, or a combination of 
the two, the receiving surface is directly behind the window, which is 
covered with an adju.stable slit the length of the vane. Tn this manner 
no radiation reaches the w^alhs of the instrument, which are black. 

The Bi for one part of the junction was obtained by melting the metal 
between glass or iron plates, which were then pressed together. Tlu'se 
thin plates were then cut into .strips from 0,15 to t).2 mm. wide. The Sh 
part of the junction was split from a large, well-crystalliyied piece of the 
metal. These pieces could not he obtained (|uite so thin as the hismulh. 
The Bi and Sb pieces were then soldered with Wood’s alloy, in llie form 
of a V,to a thin sheet of copper. This is nr)t so gofxl as to have the ])ieres 
more nearly parallel, since in the latter case the diamagnetic moment is 
reduced. The dimcn.sions of the Bi and vSh pieces were aliout 3.5 by 
0.2 by 0,1 mm. The length of the copper loop of No. 40 wire was 4.5 



•cm., and about 8 mm. in diameter. The area of the thin copper vane 
was 3 sq. nim. It was blackened by covering it with a little Canada 
balsam, upon which was dusted fine copper oxide. The weight of the 
complete loop was less than lo mg. The magnet was taken from a 
Weston ainmelor. Tt was used without pole pieces, since the latter 


!> It-,, '’fT:"=Q 



in«. --UAitkirakramelrr, »Uoul iw»4hirc!« aclual ftiae. 

caused too murh damping. The lop was covered with the bulb of a 
thistlc'tuhe, the iiimjth td which was ground flat. The heavy metal 
base of the radiomicrotuctrr is t»f Swedish inm. The narrow vertical 
tube is of brass. All the jnints are made with Kohtinsky cement, except 
the one at the t«»p ami the imv containing the supiK)rt of the rock- 
salt window. The top seal may he matk* with mercury. A torsion head 
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is provided to bring the mirror in any desired position. The loop for 
the radiometer-radiomicrometer is shown in fig. 92, a. The Bi is about 
2 by 0.15 by o. I mm,, soldered to a thin sheet of copper 8 by 0.6 by 
o.i mm. Ill one case a sheet of mica of the same area was used and 
extended below the copper sheet, which was then only 2 mm. long. 
This loop also weighed less than 10 mg. As a radiometer the time 
required for a maximum deflection was 25 seconds, and its scnsitivene.ss 
was about 3 to 4 cm, per square millimeter area of vane for a Geryk 
pump vacuum, which was not high enough for maximum radiometer 
sensitiveness. This same loop used as a radiomicrometer had a sensi¬ 
tiveness of about 5 cm. deflection per square millimeter area of vane, 
while its maximum deflection was reached in 8 seconds. The combina¬ 
tion of these two was no better than the racliomicromcter, simply 
because of the fact that the periods were different and the magnetic 
moment of the radiomicrometcr obliterated the radiometer efTect. 
Another loop twice as heavy had a half period (time of maximum 
steady deflection) of 5 seconds when u.scd either as a radiometer or 
radiomicrometer. The actual sensitiveness was much lower than in the 
preceding loops. In this case the radiometer contributed^ only 15 per 
cent to the total deflection, while the scn.siliveness of the radiomiero- 
meter was increased 50 per cent by placing it in a vacuum. 

In fig. 92, b, is shown the loop for the raflioniicudueler. 'I'lie dimen¬ 
sions of the Bi-Sb junction are indicated above. Its half-period in air 
was 20 to 25 seconds, and the dellcctions in centimeters per .square milli¬ 
meter for meter, candle, and scale were 3.6 cm. On exhaiusting the 
instrument with a Geryk pump the half-period dropi)ed to 12 to 14 sec¬ 
onds, while the deflection increased to 5.5 and 6 cm. jjcr sc[uare inilli- 
meter of exposed area of vane, and as the pumping progrcs.scal (he 
sensitiveness continued to rise. The resiflt as a whole indicate.s that th<' 
weight of the moving coil can he rc<luced to at Ica.sl onc-lhird of tho.se 
previously described and that its sensitiveness can he increase<l by at 
least 70 per cent by ])lacing the loop in a vacuum. Since a window is 
used to increase the steadiness, this is no drawback, while in eomj)ari.sc)n 
with the type of radiometer having a heavy vane, as already described, 
it can be given a shorter period. 

The purpose in describing this form of instrument is not so much 
to show the sensitiveness of the present one as to iiulicale directions in 

* The method of testing is as follows: The radiomicrmueleT effect in first found 
in the air. It is then exhausted and the deflection again noticed. Tlic magnet i.s 
then removed and the deflection obtained is due to the radiometer effect. The 
magnet must of course be placed .so that the radiomicrometer deflectiem i.s in the 
same direction as that of the radiometer 



which further improvements are possible. On account of the difficulties 
in preparing' a non-magnctic loop the final word has not been said ori 
the subject of combining the radiometer and the radiomicrometer. At 
the present writing the best ccMiibination was only about 20 per cent 
more sensitive than the use of the instrument as a radiomicrometer 
only. 

h'or detecting electric waves the system can be made still lighter, 
while the heating arrangement can be brought close to the junction. 

In conclusion, the fact niay he emphasized that in the present test of 
sensitiveness only that radiation which passed through a slit and fell 
directly upon the vane wris measured. If this precaution had not been 
taken, the results would have been much higher and would have been as 
misleading as those obtained by several other investigators. 

The sensilivenc.ss of the bolometer varies as the square root of the 
exposed surface. The writer has found experimentally that the sensi- 
tivcne.ss of a ra<lionieter i.s proportional to the area of the exposed vane, 
and hence, is justified in ex])rcssing his results for unit (sq, mm.) area. 
The use of a candle as a standard is questionalde, hut since the sensitive¬ 
ness of the dilTerent vane.s differs by a factor of from 2 to 25 the candle 
is a convenient Sf>urce for comparison. 



APPENDIX V. 

NOTE ON BLOWING FINE QUARTZ FIBERS. 


The bow-aiicl-arrow incthod t)f shooting- quartz fibers invented by 
Boys, as well as the method of heating a quartz bead to incandescence 
in an oxyhydrogen flame and drawing it out into a fine fiber, seems 
familiar to nearly everyone. Nevertheless, in making rapidly the finest 
obtainable fibers, such as are necessary for radiometer and for light 
galvanometer suspensions, there is one step in the latter method which 
seems a novelty to so many investigators with whom the writer has 
recently come in contact, that a description, with diagrams, is given 
here, though there can not be ai\ything new in the ])roccss, which seems 
to be handed clown by tradition rather than by recorded history. 

Fortunately we can now buy rods of vitreous quartz, and are no 
longer obliged to build up rods from bits of pulverized quartz crystals 
by holding them in the hottest part of the oxyhydrogen flame. By the 
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following method the manipulator can blow enough fibers in a few 
minutes to last him many months, provided he stores them in a box 
away from draughts and flies. 

To be brief, the oxyhydrogen or oxy-illuminating gas flame is regu¬ 
lated to a length of 5 to 8 cm. A shallow box (5 by 50 by too cm.) 
with a lid, lined with black canton flannel or simply a black cloth, is 
placed vertically at a distance, of about 35 cm. from the flame, which 
is horizontal. The manipulator, facing the cloth, holds the hkI of 
vitreous quartz (i to 2 mm. diameter) in the hotte.st part of the flame, 
as shown in fig. 93, which is a horizontal view. When the rod begins 
to melt it is drawn apart in a horizontal direction, the one end toward, 
the other end away -from the cloth. At the point of rui)turc a fine fiber 
will be drawn out by the flame, and the heated gases will drive it against 
the cloth. The two melted ends are then stroked past each other as 
rapidly as the manipulator desires, and each time a number of fibers 
will be drawn out. The fibers are so thin that only the heavier incan¬ 
descent ones will be seen in the flame and hot gases, but on examining 
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the cloth in diffuse sunlight at a larger angle of reflection it will be 
found covered with fibers of various sizes and lengths, the heavier 
ones, of course, coming from the cooler parts of the flame. Colored 
spectacles will be found serviceable in this work. 

The handling of such fibers requires some dexterity, and in acquiring 
it the manipulator generally develops some system of his own. The 
writer has had the best success by employing two flexible glass rods, 
of about 2 and 8 cm. length respectively, with a bit of shellac solution 
on one end of each. The quartz fiber is secured from the cloth by 
means of the longer glass rod, wliilc the shorter one is permitted to 
hang free from the other end of the liber. Holding the radiometer or 
galvanometer stispensioii in the right hand and the long gla.ss rod in the 
left, the shellacked end of the snapension is brought against the quartz 
fiber, close to the long glass rod, which is then turned several times 
around the susi)ension. A sudden pull severs the rod from the sus¬ 
pension, leaving the tpiartz fil)er, with the short glass rod at the other 
end, hanging free. A liol wire is brought near the snspdision (now held 
vertically) to dry the shellac, care being taken that the. shellac does 
not become too hot, otherwise the fiber will drop off. The metal sus¬ 
pension head having prc'vionsl}' Ix'en laid at one end of a wooden tem¬ 
plate, which i.s used to get the exact length of the fiber, the quartz 
fiber is now laid across this head and the suspension is laid on the 
template. 'Phe short glass rod hangs over the end of the template and 
draws the quartz fiber taut. The fiber is pressed against the suspension 
head (previously shellacked), the hot wire is applied, and the ta.sk is 
completed. The manipulator then raises the wooden teiujflate into 
the vertical position, and. if the. lint has previously been burned off, the 
suspension will swing free from it. by proceeding in this manner, 
which takes le.ss time than reipiired to write this description, no tension 
greater than the weip.lit (T the suspension is brought upon the fiber 
and rarely is one broken in mounting. A glas.s lube, of a diameter 
to hold the metal suspension liead, inoiinletl in a wooden lilock, is 
scrvieeahle in storing such a suspensiiin and in carrying it from the 
mounting talde ti> the instrument. 

The dianielor of .sneli fibers, whieh tif course make excellent cro.ss- 
hains, has not been determineil, and it will be .sufficient to add that they 
look blue in dim light, fl'he finest liln'rs a])pear crinkled, a.s one 
removes them from the cloth. 'Plie how-a!ul arroN\ iwoeess will no doubt 
produce just as fine HIkts. hut the present method is better adapted for 
speed. As already nientionecl, the method is not new, hut In the 
writer’s knowledgt' no full description of the actual manipulations 
involved has been published heretofore, and if this attempt will be of 
service to any one inlere.sted in the .sniqect its mis.sion will be fulfilled. 
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•. 94 

Gum arabic. 

.. 38 

Heulandite. 

.. 22 

Hydrargillite . 

.. 42 

Hydronephelite ... 

.. 46 

Hydrotalcite . 

• 30,87 

Iridium . 

.. 97 

Kieserite . 

.54,78 

Lactose . 

•• 37 

Lazulite . 

.. 42 

Magnesite . 

.70,82 

Malic acid . 

.. 62 

Maltose . 

.. 87 

Manganite . 

.. 41 

Mannite . 

• • 44 

Mellite . 

• • 31 

Mercury . 

• ■ 103 

Meta phosphoric acid 52 

Microcline . 

.. 82 

Monazite . 

.. 58 

Muscovite mica. .. 

.48,83 

Natrolite . 

.24,87 

Nickel sulphate.... 

.. lOI 

Oligoclase. 

. . 65 

Opal. 

.. 21 

Orthoclase .63,65,85 

Ortho phosphoric acid 52 

Ralladium . 

• 97 

Para rubber. 

. 66 

Peninite . 

• 47 

Pectolite. 

46,89 

Phloroglucin. 

. 6 r 

Porcelain (glazed) 

. 89 

Portland cement. . . 

• 44 


Page. 

Potassium alum. 24 

chlorate.. 57 

d i c h r o- 
mate... 57 

ferro cya¬ 
nide.... 26 
nitrate. .68,81 
sulphate.. 104 

Prehnite . 46 

Pyrite. 92 

Quartz .21,80 

Raffinose. 38 

Rochelle salt. 38 

Rock salt. 69 

Rutile. 67 

Scolecite. 25 

Selenite.18,77 

Serpentine .50,85 

Silver chloride. 63 

nitrate . 62 

Sodium biborate .. .62,86 
metaphos¬ 
phate ....52,84 
sulphate .... 103 

Sphalerite.63,93 

Stibnite.66, 91 

Stilbite. 24 

Sulphur. 93 

Sulphuric acid 55, lOO, 114 

Talc.51,82 

Tartaric acid. 61 

Thaumasite . 28 

Thenardite. 54 

Thomsenolite. 27 

Tin.97,99 

Tourmaline .48,84 

Turquoise. 42 

Varicite.30,^ 

Vivianite. 31 

Water . 17 

WavelHte . 30 

Willemite.59,90 

Zinc . 97 , 99 

sulphate. 103 

Zircon . 65 























































































































